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PART I; REVIEWING THE HYDROLOGIC MODEL PROBLEM 
Definition of Problem 
Introduction 
Nearly every problem of broad scope tackled by man can be reduced to 
three basic conqjonents: technological, sociological, and economical. 
All three of these factors must be considered together in the final solu­
tion to the problem as illustrated in Fig. 1. 
Sociological 
Fig. 1.1. Solution to problem 
In recent years attention has been focused on two serious demands 
presently facing man; food production and the energy crisis. These 
demands interact at strip mine sites. Mining is needed to obtain the 
desired resource (usually coal) and the land in a productive form is needed 
to produce food. If mining is performed without reclamation, agricultural 
potential is greatly reduced, if not entirely eliminated at the site, and 
society is faced with an environmental problem of unsightly spoils, acid 
water, fish killed downstream from mine discharge points, and possible 
contamination of groundwater. Whether to mine, how to mine, when to mine, 
and what to do with the site after mining—these decisions affect the pres­
ent generation but also reach far into the future in their total impact. 
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These decisions, thus, must be made with as many known facts as possible; 
an understanding of how the decision influences the future is desirable. 
General objectives of the research 
Predicting a result in advance of a known treatment often can be 
performed successfully by modeling the process involved. This requires 
that the process be understood, at least to the point of being able to 
mathematically describe the system either analytically or numerically. 
Once the process is accurately described, then the gathering of input and 
output data for calibration and verification remains to be able to predict 
how the system will respond in the future. 
Understanding the hydrologie cycle on a land area is required prior 
to making accurate predictions of cropping potential and pollution levels 
discharging into drainage ways from that area. Several attempts have been 
made to model the hydrologie cycle on watersheds normally associated with 
agricultural activities. An early model of this type, the Stanford water­
shed model (Crawford and Linsley, 1966), demonstrated that the hydrologi-
cal processes could be successfully modeled on large watersheds by use of 
digital computers. Many models capable of more precise prediction on 
smaller watersheds were developed after the Stanford model. A model of 
this nature developed for climatic and soil conditions in Iowa was evolved 
by Haan and Johnson (1968), DeBoer and Johnson (1971), Campbell and 
Johnson (1975), Saxton, Johnson, and Shaw (1974), and Anderson (1975). 
Anderson describes the development of this model; the reader is referred 
to his work for development and calibration information. 
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The general objective of the present work was to develop a hydrologie 
model (land phase) by expansion of capabilities of Anderson's model to 
include strip mine sites. This model would allow surface runoff and water 
quality predictions to be made for different mine management practices. 
It would be useful in assessing the type of mining practice that would be 
in the best interest of society. A secondary general objective was to 
collect Input data for use with the developed model and to estimate the 
effect of different mine reclamation practices on the runoff and water 
quality derived from mined areas in southeastern Iowa. 
Specific objectives 
Several specific objectives were necessary for the development of the 
general hydrologie model for mine areas. The first requirement was to 
develop a new (or modify the existing) subroutine in Anderson's model for 
predicting infiltration. Recent literature indicates that prediction of 
infiltration is still a major weakness of most hydrologie models. Ander­
son has indicated that cultivation practices can cause major errors in 
estimating infiltration in his model. It appeared that the development of 
a practical infiltration equation to include surface effects would be use­
ful and was considered a major objective of this research. 
A second major objective was to develop a one-dimensional subroutine 
which would predict acidity or pH in surface runoff. )6ich work has been 
done in documenting the acid problem associated with surface mining of 
coal, but very little development appears to have been made to predict 
acidity in the runoff with time. 
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A third objective was to collect data relating water quality to mine 
surface conditions. Water quality data Including pH, specific conductance, 
and sediment concentrations with time were considered necessary for the 
development and calibration of the water quality subroutine. In addition, 
analyses of nitrogen and phosphorous concentrations In runoff from 
reclaimed land were considered necessary to estimate Initial levels of 
these potential pollutants on disturbed soils. 
A final objective was to use tha developed model to predict runoff 
and water quality as affected by management decisions at a strip mine 
site. 
A hydrological model for surface mine areas should have practical 
application in making mine management decisions. To date, a general com­
puter model of this type is not available for coal mine areas in southern 
Iowa. The general objective of this research was to develop a model to 
enable predictions of effects of Inputs on mine management on hydrology 
of the area. Specific objectives were to develop an infiltration theory 
to include changing surface conditions, develop a subroutine to predict 
water quality in runoff with time, and to collect data to establish back­
ground levels of nitrogen and phosphorus in runoff from reclaimed mine 
lands in the southern Iowa mining areas. A final objective was to run the 
developed model to indicate how management decisions affect cropping 
potential, runoff, and water quality at reclaimed mine areas. 
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Literature Review of Hydrologie Modeling 
and Select Components of Models 
Previous model development 
Computer modeling of hydrologie events is a relatively new applica­
tion of engineering. The hydrologie cycle consists of many components 
which are usually nonlinear and unsteady (Delleur, 1971). The first 
attempt to couple many of these individual hydrologie components into one 
computer model resulted in the Stanford Watershed Model (Crawford and 
Linsley, 1966). This model has evolved through several stages of develop­
ment and is currently incorporated in the Agricultural Runoff Management 
(ARM) Model (Donigian and Crawford, 1976). Many other hydrologie models 
also have been independently developed, one of which is the Iowa State 
University Watershed Model. 
A review of the development of this model is given by Anderson (1975). 
Anderson's version of the Iowa State Watershed Model was developed for 
the deep loess soils of western Iowa. This version of the model differs 
from previous versions in that évapotranspiration processes were empha­
sized and surface storage was relatively small for the hill lands of 
western Iowa. The model is one dimensional and attempts to duplicate the 
water flow in a growing plant-soil system depicted in Fig. 1.2 (Anderson, 
1975, p. 22). The basic flow chart of the model is given in Fig. 1.3 
(Anderson, 1975, p. 23). Potential évapotranspiration is computed by use 
of daily atmospheric data. Both the change in leaf area and root develop­
ment are modeled to make the system responsive to changes in plant growth 
with time. Precipitation input is obtained from recording rain gauge 
chart data. Interception is computed as a function of leaf area. 
/I 
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Fig. 1.2. Schematic of the soil-plant-air system to be modeled 
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Fig. 1.3. Basic Flow Chart of the Moisture Balance Model. Solid lines 
represent actual movement of moisture. Broken lines indicate 
flow of influence between model components. 
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evaporation, and a first order decay of drainage rate. Infiltration Is 
computed by use of an adaption of the Holton equation (Anderson, 1975, 
p. 37). Surface storage Is left as a single constant input variable. 
Surface runoff Is computed by subtracting Infiltration and surface stor­
age from precipitation. Soil moisture redistribution is computed by 
assuming free drainage and then using Darcy's equation for unsaturated 
flow. Soil moisture storage is computed by summing the volume of water 
stored in each layer, and deep percolation is taken as the flow moving 
down from the last layer. 
Data Input for Anderson's Iowa State Watershed Model must Include the 
following soil information: 
a. saturation moisture content, percent by volume for each layer, 
b. initial soil moisture content in Inches for each soil layer, 
c. wet soil infiltration capacity, inches per hour, 
d. maximum depression storage. Inches 
e. average moisture tension curve for all layers, moisture expressed 
as percent of saturation, and 
f. average unsaturated hydraulic conductivity for all layers. 
Climatic data needed are: 
a. maximum daily air teiiq>erature, 
b. minimum dally air temperature, 
c. maximum dally relative humidity, 
d. minimum daily relative humidity, 
e. daily solar radiation, 
f. total daily wind travel, and 
g. precipitation data from recording rain gauge charts. 
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Anderson's model requires considerable amounts of input information, how­
ever, the model was designed to require only information that would nor­
mally be available or could be obtained relatively easily in the laboratory 
or field. With the possible exception of unsaturated conductivities, 
Anderson's data inputs meet the design requirements. 
Generally speaking, Anderson's version of the Iowa State Watershed 
Model has duplicated measured data quite well. His model, however, is one 
dimensional and thus does not model soil loss or chemical movement from the 
field. Anderson (1975, p. 36) reported that the infiltration process was 
the most important single process and caused the most change in model 
outputs. While the infiltration subroutine in his model gives satisfactory 
results for the loess areas of western Iowa, he had to make empirical 
adjustments to the original infiltration equation to achieve this success. 
The variables, rainfall intensity and leaf cover, had to be included in the 
infiltration subroutine. Anderson (1975, p. 90) also suggested that some 
of the most significant errors in predicting infiltration may have been due 
to effects of surface tillage. 
Since empirical adjustments were necessary to achieve success in the 
loess areas, it is questionable whether these adjustments would apply to 
other soils. It appears then that one of the most important parameters to 
study in attempting to adapt this model to coal mine areas of southeastern 
Iowa is the infiltration process. It also appears that it would be desir­
able to reduce the amount of soil input data if possible. 
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Infiltration process—capillary tube models 
Infiltration has been defined by Horton (1933) as the process Involved 
when water soaks into the soil. Infiltration differs from percolation in 
that infiltration refers to the movement of water into a soil volume and 
percolation refers to the movement of water through a soil volume. These 
two processes, however, are not independent and in general the minimum rate 
at which water can enter a soil approaches the percolation rate of the soil 
profile. For a given rain, the infiltration rate will start at a rela­
tively high value, then, rapidly at first, decrease to a lesser rate and 
finally gradually decrease to a nearly stable minimum. Baver (1956, 
p. 448) has suggested that three of the most important factors affecting 
infiltration rate are; (1) the permeability of the profile, (2) the condi­
tion of the soil surface, and (3) the soil moisture level. It would appear 
that a flexible, general infiltration model must contain the capability to 
respond to changes in these three factors. 
One of the oldest infiltration equations was obtained by Green and 
Ampt (1911). This equation is essentially a capillary tube model in which 
the wetted soil is assumed to respond as a bundle of capillary tubes. The 
major assumption associated with this theory is that the moisture content 
behind the wetting front is constant up to the wetting front. The Green-
Ampt equation has the form 
I - a ln(l + l/a) = b t 1.1 
where 
I = total Infiltration amount, 
t = time, and 
a and b are constants. 
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This equation has the advantage that it is physically based and is rela­
tively simple in form. Disadvantages are that the constants, a and b, must 
be evaluated and, most important, surface parameters are not considered 
except Indirectly through the constants a and b. The constant b is nor­
mally related to hydraulic conductivity and is known as the wetting con­
ductivity at residual air saturation (Bouwer, 1966, p. 732). Bouwer (1969) 
has also demonstrated that the Green-Ampt equation can be applied to 
layered soil conditions which makes it somewhat versatile for field 
conditions. Swartzendruber and Youngs (1974) related the constant b to 
hydraulic conductivity and the constant a to sorptivity S defined by 
Philip (1957d). Both Swartzendruber and Youngs (1974) and Fok (1975) have 
shown that the Green-Ampt and Philip two-term equation have the same form 
and give similar results for short time periods. Both are limited in that 
surface conditions are not considered. 
Morel-Seytoux and Khanji (1974) rederived the Green-Ampt equation to 
include the effects of displaced air which had traditionally been 
neglected. Their derivation is more complicated than the original 
development by Green and Ançt with two numerical integrations required to 
obtain the final results. In payment for this complication, Mbrel-Seytoux 
and Khanji claim to have removed the assumption of a uniform moisture 
content behind wetted front, "piston type" profile shape, and to have given 
physical significance to the constants in the equations. They do, however, 
assume a nondeforming porous medium with time which would not be the case 
during intense rainfall on fields with recent tillage treatment. They give 
a comparison of their development with other modifications of the Green-
Ampt equation as follows : 
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1 - K (H + + Z^)/Zj (Whisler and Bouwer, 1970) 1.2 
1 » K (H + + Zg)/Zg (Meln and Larson, 1973) 1.3 
1 " ^  (H + + Zj)/Z^ (Iforel-Seytoux and Khanjl, 1974) 1.4 
These equations^ are presented in terms of position of wetting front which 
Is the reason the equations appear to be different from the Green-Ampt 
equation presented earlier In this chapter. In these equations, 
1 • Infiltration rate, 
K » wetting conductivity at residual air saturation, 
H = depth of ponded water above the soil surface, 
Zg = the vertical extent of the saturation zone, 
h^^ = water entry pressure (expressed as a water height), 
Hy = critical pressure head, defined as 
»b- ^ '=rw""'c 
o 
where 
• relative water permability (dlmensionless), and 
h^ = capillary pressure (expressed as a water height), 
and 
• effective capillary drive (expressed as a water height) defined 
as 
^The individual development by each of these authors, in particular 
Morel-Seytoux and Khanjl, is detailed and quite voluminous; therefore, only 
the final results are presented here. The interested reader is referred to 
the original reports by each author. 
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\± 
He - / 
o 
where h^^ » the initial capillary pressure (expressed as a water height), 
and f Is a dlmensionless term defined as 
w 
where 
and • viscosity of water and air, respectively 
= relative air permeability, 
and 
3 = viscous resistance correction factor. 
There has been some argument In the literature (Smith, 1975; Neunan, 
1976) whether the final result obtained by Mbrel-Seytoux and Khanjl is 
worth the extra measurements and numerical integrations when compared to 
sinq>ler approaches such as that by Whlsler and Bouwer (1970). In this 
regard, Neuman (1976) derived the relationship of 
h 
c 
= / K dh 
rw c 
0 
previously assumed to be true by Bouwer (1964). This is essentially the 
same relationship used by Main and Larson (1973). Neuman derived this 
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relationship by neglecting air flow and by assuming "piston displace­
ment". 
Because of some of the more recent developments in the literature, the 
Green-Ampt approach to modeling infiltration can be done in a variety of 
ways. If air flow is neglected, Bouwer's equation can be used, or, if 
air flow is not to be neglected, the approach of Morel-Seytoux and Khanji 
can be used. In all of these approaches, surface changes have not been 
considered. It would appear that if the Green-Aiiq>t approach is to be 
extended in a general way to modeling field conditions, a means of 
incorporating changes in the soil surface must be found. 
Infiltration process—empirical models 
Often a system is so complicated that the precise physical laws 
governing the process are unknown. When this happens, empirical methods are 
often used to develop a model. The Horton equation (Horton, 1939, 1940) 
is of this kind. Horton (1939) suggested that infiltration could be modeled 
by use of an exponential decay equation of the form 
-k-t 
1 = i + (1 - 1 )e ^ 1.5 
c o C 
where 
i = infiltration rate, 
i^ = minimum constant infiltration capacity, 
1^ = initial infiltration capacity, 
kg = a constant for a given curve, and 
t^ = elapsed time. 
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This equation has several advantages over other infiltration equations. 
It can easily be integrated to give total amount infiltrated and it also 
seems to fit the boundary conditions. Various researchers (Horton, 1939, 
1940; Ligon and Johnson, 1960; Skaggs, Huggins, Monke, and Foster, 1969) 
have reported that the exponential decay equation gives a good fit to 
experimentally obtained infiltration data. 
There are problems with this approach, however. As with the Green-
Ang)t equation, unknown constants must be determined. These constants vary 
with cover, initial soil moisture, tillage, rainfall intensity, and prob­
ably others; thus, the major disadvantage of this approach lies in the 
need to re-evaluate these constants for each new condition. Horton (1939, 
p. 701) makes the following comment: 
The constant kf is an exponential parameter which measures the 
time required for the infiltration-capacity to drop from its ini­
tial to its minimum value as the result of rain-packing and 
inwashing, particularly the former. It is presumable that the 
rate of rain-packing, and the consequent reduction of infiltra­
tion-capacity thereby, increases with rain-intensity, or the 
higher the rain-intensity, the shorter the time tg required to 
reduce the infiltration-capacity from that corresponding to ini­
tial soil-moisture, to the minimum value. 
This comment suggests that a general infiltration equation should contain 
a means of accounting for changes in rainfall intensity. 
Another empirical equation has been developed on the storage concept 
(Holton, 1961; Holton, England, and Shanholtz, 1967). Huggins and Monke 
(1967) rearranged Holton's equation to the following form: 
i = D((S - I)/TP)" + i 1.6 
c 
where 
D = the maximum possible increase of infiltration rate over i^. 
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5 " storage potential depth, 
TP " product of total porosity and effective depth, 
I = total infiltration amount, and 
n = a constant. 
This equation has the important advantage of being capable of modeling 
intermittent rainfall and was thus used by Anderson (1975) in the Iowa 
State Hydrology model. It has been shown (Skaggs, Huggins, Monke, and 
Foster, 1969; Anderson, 1975) that the constants In this equation are not 
true constants and corrections are necessary to obtain a good fit with 
experimental data. 
Infiltration process—diffusion theory models 
Another Important model for infiltration is based on the diffusion 
theory. A detailed and relatively congilete analysis of the moisture diffu­
sion theory is given by Klrkham and Powers (1972). They derive the general 
diffusion equation which for one dimensional vertical flow reduces to 
8z' 3K se , 
where 
D = water dlffusivity 
6 = moisture content, 
Z = height, 
K = capillary conductivity, and 
t = time. 
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Various people have solved this equation with various degrees of sluq^llfl-
catlon. A series of papers published by Philip (1955, 1957a, 1957b, 1957d, 
1957e, 1957f, 1958) are probably best known. Philip (1957a) obtained the 
following equation for the advancement of wetting front: 
X = Xt^/^ + nt^/z + Yt^/z + wt*/2 1.8 
where X, q, y* and w are functions of moisture content for a given soil 
condition. If one neglects all but the first two terms, the Philip two-
term equation Is obtained. As was mentioned in the review of the Green-
Ampt equation. It has been shown (Swartzendruber and Youngs, 1974; Fok, 
1975) that the Philip two-term equation and the Green-An^t equation are 
essentially the same equation. Like the Green-Ampt equation, the diffusion 
equation falls to Incorporate changes in surface conditions with time and 
cannot be expected to fully model field conditions. 
Expansion of Iowa State model to include water quality parameters 
Water quality of streams is highly dependent on the source of runoff 
waters. Due to the complexity of the system, all factors cannot fully be 
included in the final model. With regard to development of such a model, 
Donlgan and Crawford (1976, pp. 5,6) have expressed the following modeling 
philisophy: 
The guiding philosophy of the modeling effort is to represent, in 
mathematical form, the physical processes occurring in the trans­
port of nonpoint source pollutants. The hydrologie and water 
quality related processes occurring on the land surface (and in 
the soil profile) are continuous in nature; hence, continuous 
simulation is critical to the accurate representation of these 
physical processes. Although nonpoint source pollution from the 
land surface takes place only during runoff-producing events, the 
status of the soil moisture and the pollutant prior to the event 
is a major determinant of the amount of runoff and pollutants 
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that can reach the stream during the event. In turn, the soil 
moisture and pollutant status prior to the event Is the result of 
processes which occur between events. Cultivation and tillage 
practices, pesticide and fertilizer applications, pesticide 
degradation and nutrient transformations, all critically affect 
the mass of pollutant that can enter the aquatic environment dur­
ing a runoff-producing event. Models that simulate only single 
events cannot accurately evaluate agricultural and management 
practices since between-event processes are Ignored. Although 
all between-event processes cannot be quantitatively described at 
the present state of technology, continuous simulation provides a 
sound framework for their approximation and for further research 
into their quantification. 
When modeling nonpoint source pollution, the above stated philos­
ophy is jointed by the fact that the transport mechanisms of such 
pollutants are universal. Whether the pollutants originate from 
pervious or impervious lands, from agricultural or urban areas, 
or from natural or developed lands, the major transport modes of 
runoff and sediment loss are operative. (Wind transport may be 
significant in some areas, but its importance relative to runoff 
and sediment loss is usually small.) In this way, the simulation 
of nonpoint source pollution is analogous to a three-layered 
pyramid. The basic foundation of the pyramid is the hydrology of 
the watershed. Without accurate simulation of runoff, modeling 
nonpoint pollutants is practically lnqx)ssible. Sediment loss 
simulation, the second layer of the pyramid, follows in sequence 
the hydrologie modeling. Although higjily complex and variable in 
nature, sediment modeling provides the other critical transport 
mechanism. The pinnacle or final layer of the pyramid is the 
interaction of various pollutants with sediment loss and runoff, 
resulting in the overall transport simulation of nonpoint source 
pollutants. 
Since it appears that prediction of the amount of sediment leaving a 
field may be a key to further development of the Iowa State Watershed 
Model, a brief review of the soil erosion process will be given. 
The removal of soil from an area can be thought of as a two-step 
process: first detachment, then transport (Ellison, 1947). Detachment is 
the process of breaking the soil aggregates loose and into smaller units 
primarily by the action of raindrops or tillage operations. Transport is 
the process by which these smaller units are moved away from the original 
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area. Ellison (1944) and Ekern (1950, 1953) have studied the movement of 
soil by raindrop splash and have concluded that splash can account for a 
significant proportion of the total soil moved. Transport can also occur 
by flowing water on the surface. Zingg (1940) experimentally obtained 
the following equation relating the effects of slope and length of slope 
on soil loss: 
X = C 1.9 
where 
X = soil loss per unit width, 
C = a constant depending on the soil, infiltration, intensity, and 
other variables, 
L = length of slope, and 
S = percent slope. 
A similar equation including more of the variables affecting soil loss was 
developed by Musgrave (1947). 
. q 1.35 ^ 0.35 1.75 
® ^ (72T6) (ÏT25) 
where 
E = sheet and rill erosion in inches per year, 
I' = erosion from continuous crop for a given soil (adjusted to 1.25 
inches rainfall) inches per year, 
R = cover factor 
S = land slope, percent, 
L = length of the land slope, ft, 
P = maximum 30-mlnute rain amount for the 2-year frequency event. 
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At about the same time Browning, Parish, and Glass (1947) developed the 
concept of predicting soil loss by use of erosion factors, tbich of 
Browning's work on erosion factors has not been published; however, Adams, 
Klrkham, and Scholtes (1958, pp. 519-521) discuss the use of the Browning 
erosion factors to predict soil loss. This concept of using erosion factors 
was later used In the Universal Soil Loss Equation developed by Wischmeler 
and Smith (1958), Wischmeler (1959, 1960, 1962). This equation is 
X = R K L S C P  1 . 1 1  
where 
X = soil loss in tons/acre/year, 
R = rainfall factor, 
K = soil erodlblllty factor (tons/acre year), 
L = slope length factor, 
S = degree of slope factor, 
C = crop management factor, and 
P = erosion control practice factor. 
The Universal Soil Loss Equation is based on statistically fitting 
data and is at present a useful management tool. It is designed primarily 
for annual predictions and can give large errors for a single event 
(Wischmeler, 1976). For this reason, other approaches have been used to 
model soil loss in many of the current hydrologie models. 
A conceptual mathematical model was developed by Meyer and Wischmeler 
(1969). They assumed that detachment and transport can be modeled indepen­
dently for short periods of time and that the actual soil loss is the 
amount predicted by the limiting process at that time. This approach has 
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the advantage that a field with a varying slope can be modeled. David and 
Beer (1975) have also developed an erosion model of this nature. As with 
the Universal Soil Loss Equation, these methods are empirical rather than 
theoretical in approach. 
Most of the soil loss equations or erosion models developed to date 
have been for mild slopes associated with fields used in agricultural 
activities. To use these approaches in mined areas where steep slopes are 
found (100 percent slope or more) is questionable since the slopes for 
which these equations were developed ranged below 30 percent. There 
appears to be a need for the development of a soil loss equation or 
erosion model applicable to a wide range of slopes including steep slopes 
as found at strip mined areas. 
Summary of literature review 
Hydrologie models and components of hydrologie models including 
climatic variables, infiltration, runoff, and soil erosion were reviewed. 
The review showed that the Iowa State Watershed Model as presented by 
Anderson (1975) is capable of predicting soil moisture, infiltration, 
runoff, and évapotranspiration and also has the advantage of being 
developed for climatic conditions of Iowa. The Iowa State Watershed Model 
was not designed to predict soil loss or water quality parameters; 
nevertheless, it appears to be a reliable model of basic hydrologie 
events on which a more general hydrologie model could be designed. The 
review also showed that the infiltration subroutine in Anderson's model 
was not designed to handle changes in surface conditions resulting from 
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tillage operations and that tillage effects may cause significant error 
In the prediction of Infiltration. Infiltration theory was reviewed and 
It was concluded that an Infiltration equation applicable to surface param­
eters was needed. Soil erosion theory was also reviewed; It was concluded 
that a soil loss equation which could be applied to a wide range of slope 
conditions such as found In mined areas was needed. The literature review 
indicates that a land-phase hydrologie model for strip mined lands could 
be developed through the use of the Iowa State Watershed Model with 
modifications to include surface factors in an infiltration function and 
with the addition of a soil loss function applicable for a wide range of 
slopes. 
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PART II: INFILTRATION EQUATION 
Derivation to Include Surface Effects 
Introduction 
Three basic approaches that have often been used to predict 
infiltration are; the Green-Ampt capillary tube theory, the diffusion 
theory vith Philip's solution to the diffusion equation, and Horton's 
exponential decay equation. The first two approaches, the Green-Ampt 
equation and the Philip two-term equation, have been shown (Fok, 1975) to 
reduce to the same basic form after certain assumptions are made. The 
Green-Ampt equation (Green and Ampt, 1911) is one of the oldest approaches 
to predicting infiltration, and it has received recent attention in the 
literature. Bouwer (1969) has demonstrated that it can be applied to 
layered soil conditions. Mbrel-Seytoux and Khanji (1974) included the 
effects of displaced air and derived an infiltration equation which has 
the same form of the Green-Ampt equation. Values for constants in the 
equation of Morel-Seytoux and Khanji are determined by two numerical 
integrations requiring the use of a digital computer. Bouwer (1964) 
neglected displaced air flow and assumed a function to evaluate the 
needed constants for the Green-Anq>t equation. Neuman (1976) also neglected 
air flow and derived a relationship which Bouwer had previously assumed. 
Soil surface conditions must affect infiltration. Yet none of the recent­
ly developed equations have the capability to account for changes in sur­
face conditions. In this paper an objective will be to take surface con­
ditions into account in an infiltration equation. Horton (1939) has 
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Indicated that the effect of rainfall intensity, crop cover, and tillage 
process can work together to affect a change of surface conditions during 
a rainstorm and that the change of surface conditions can account for the 
rapid reduction of infiltration with time. Horton demonstrated that an 
exponential decay function usually fits the data quite well. Horton's 
approach, however, is empirical (based on observation) rather than 
theoretical. 
It is desirable to have a general infiltration equation that will 
theoretically include the development of the Green-Ampt equation or the 
diffusion equation and also Include effects of a changing surface con­
dition. The general equation also should have the capability to handle a 
nonhomogeneoys soil profile and variable moisture conditions. 
Development 
An equation for flow in a tube given by Schwab et al. (1966, p. 288) 
will be developed and then used as a starting point for the development 
of an infiltration equation. For equation 2.1 symbols are defined as 
follows : 
Q = flow rate. 
2.1 
A = area of cross-section 
g = acceleration of gravity. 
H = head difference causing flow 
K = entrance loss coefficient 
e 
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Ky = loss coefficient for bends, 
= loss coefficient along length of flow, and 
L = length of flow. 
To derive equation 2.1 the physical system of Fig. 2.1 will be used. 
Bernoulli's equation modified to include a loss term for friction can be 
written (see for exançle Streeter, 1971, pp. 130, 136, 137) for equal 
masses of water at locations 1 and 2 (masses cancel from the equation) as 
Pi Y P2 "'l 2.2 
where 
p = pressure at a specified cross-section 
V = average velocity for specified cross-section 
z = elevation, above a reference level 
Y = Pg, 
p = density of fluid, and 
= head loss term due to friction. 
Subscripts in equation 2.2 refer to the location of cross-section. Equa­
tion 2.2 can be written in terms of height of fluid as 
v/ V 2 
hi + 2%- + =1 = h, + Zg- + =2 + 
From Fig. 2.1 will equal H. Elevation z^ will be set equal to zero for 
convenience. The head h^ above point 1 is zero. The cross-section at 
point 1 is larger than at point 2; thus the velocity will be smaller at 
point 1 than at point 2. Since is smaller than and they are both 
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z ,  = h  
J1 
= 0 
I H = 
H, = 
(HKe) ^  
 ^L 2? 
=2 = 0 
water 
_i_ 
h2 
1' 
reference 
Fig. 2.1. Flow of water in a tube 
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2 
squared. It will be assumed that /2g Is approximately zero and can be 
neglected. Equation 2.3 can now be written as 
* = hz + 2#- + »L 2.4 
The H_ term can be written as a sum H + h_ of entrance loss H and loss 
L e f e 
along the tube due to friction. The term can be expressed 
(Streeter, 1971, pp. 295-297) as 
f 
where is an entrance loss coefficient and V is the average velocity 
in the tube. The term usually must be determined from experimental 
results. The term can be obtained from the Darcy-Welsbach equation 
(Streeter, 1971, p. 283) as 
L f 2.6 
where 
F = a dlmensionless friction factor 
L = length of flow, and 
2r = diameter of tube cross-section. 
The term in equation 2.4 can be expressed as the sum of given by 
equation 2.5 and given by equation 2.6 to obtain 
^2 L 
H-1>2+^+K^^+F^5J- 2.7 
From Fig. 2.1 it can be seen that the velocity at position 2 must be equal 
to the average velocity V across the horizontal cross-section in the 
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tube. Equation 2.7 can now be rewritten as 
= - + SI (1 + f 3?) 
Equation 2.8 can be rearranged to 
2g ' « - "2 
From Fig. 2.1 it can be seen that the term H - h^ in equation 2.9 is 
approximately equal to H because hg = 0. If hg is neglected, equation 2.9 
can be rearranged to obtain an equation for velocity as 
VTij 
Jl + K + (77) L 
2.10 
2r^ '
From continuity 
V = Q/A 
Equation 2.10, after substitution of the value for V from equation 2.11, 
can be rearranged to 
Q = ° , ~ 2.12 
+ Ke + (2;) •• 
which is the same as equation 2.1 when is expressed as F/2r and = 0. 
Since the tube shown in Fig. 2.1 is straight, a loss term does not occur. 
Equation 2.10 will now be modified and applied to a soil as given in 
Fig. 2.2. It will be assumed that the average velocity V of flow through 
soil pores can be described by equation 2.10 when the diameter term 2r 
is changed to an effective tube diameter 2r^ for a given soil structure. 
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"Dry" 
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Fig. 2.2. Flow of water into a nonsaturated soil 
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The term r^ from this point on will be called radius of flow. The head 
difference across a column of soil water of length L that causes the 
column to move in the soil (Fig. 2.2) can be expressed as the sum of three 
heads: (a) a head due to ponded surface water, (b) a head L due to 
gravity, and (c) a tension head due to the capillary curvature at the 
wet-dry interface. These three heads add tip to the total head H as 
H = H, + L + H 2.13 d t 
The heads in equation 2.13 are the same as used by Green and Ampt (1911). 
Substitution of the right side of equation 2.13 for H in equation 2.10 
gives the following equation for velocity of flow through a soil 
/ H, + HL + L 
V = /2j / S 1 2.14 
' e 
The amount of water or cumulative infiltration I entering a unit area 
of soil in a time t is given by 
t 
I = / i dt 2.15 
o 
where i is the rate of infiltration (amount of water Q entering a soil 
per given area A of soil). Let f(L) be a porosity defined as the volume 
fraction of the bulk soil at depth L which fills with water when infiltra­
tion is occurring. The change in the quantity which infiltrates dl for a 
change of length dL can be written as 
dl = f(L) dL 2.16 
I 
By use of equation 2.16, L in equation 2.14 can be replaced by / dI/f(L) 
o 
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Hd + Hj. + / dI/f(L) 
I 2 2.17 
1 + Kg + / dl/f (L) 
e o 
The amount of water Q moving across the wetting front as shown in Fig. 2.2 
can be expressed as 
Q=V[f(L)]A 2.18 
where A is the area of bulk soil. From continuity the velocity in equa­
tion 2.17 must be the same as the velocity in equation 2.18 so 
H, + H + / dI/f(L) 
a t 
[f(L)] ^  I 2 J 2.19 
1 + Kg + (^ ) / ai/fCL) 
The term Q/A was defined earlier as the infiltration rate 1, thus equation 
2.19 can be written as 
H, + + / dI/f(L) d t 
i=[f(L)]/^ I j 2.20 
1 + Kg + ^ 2r~^ dI/f(L) 
e o 
The variable 1 can be expressed as a function of I by differentiating 
both sides of equation 2.15 as follows: 
f = l  2 . 2 1  
The variable 1 in equation 2.20 can be eliminated giving 
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+ / dl/f(L) 
# " f(L) I Ï 2-22 
1 + + (^) / dl/ftt) 
The movement of water through a soil is usually slow. Thus laminar flow 
conditions will be assumed which allows the friction factor F to be 
expressed as 64/R^ (Streeter, 1971, p. 286) where is the Reynolds 
number. The Reynolds number can be expressed (Streeter, 1971, p. 210) as 
V(2r ) p 
R = ^ 2.23 
e U 
where p is the fluid density and U is the viscosity, and V and r^ have 
been previously defined. Equation 2.23 can be used to write the 
friction factor as 
^ " V(2rJ p 2.24 
The V in equation 2.24 can be replaced by [1/f(L)](Q/A) from equation 2.18 
and Q/A can be written as dl/dt to give 
F = W " — 2.25 
f (2^ ) P 
The right side of equation 2.25 can be substituted for F in equation 2.22 
to give 
Hd + Ht + / dI/f(L) 
g=fa)/2F I Î 2.26 
1 + K + [^T ^ 1 / dl/f(L) 
41 (4'e:)P o 
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Equation 2.26 can be simplified to 
I 
H, + H + / dl/f (L) 
g-f(L)\f2i" I— 2 2.27 
1 + Kg + / dI/f(L) 
For infiltration the entrance loss will probably not be a constant but 
will vary with surface and rainfall conditions. In equation 2.27 the 
term 1 + will be combined into an entrance function E(t) which may 
vary with time, 
E(t) = 1 + Kg 2.28 
The function E(t) obviously will also depend on the surface parameters 
affecting K^. Equation 2.27 now becomes 
Hd + Ht + / dl/f(L) 
After squaring both sides, equation 2.29 can be rearranged to 
I 
2 16 f(L)y f dI/f(L) 2 I 
(~) [E(t) + 5 ] - tf(L)] 2g(H, + H + / dI/f(L)) 2.30 
(dl/dt) r ^ o 
Equation 2.30 can be simplified further to 
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I 
2 16 W f(L) / dI/f(L) 
E(t) (~) + 5-2 (|I) _ 2g[£(L)]^ (H^ + H^) 
% P 
2 ^ 
- 2g[f(L)]^ / dI/f(L) - 0 2.31 
o 
I 
Dividing both sides of equation 2.31 by / dI/f(L) gives 
o 
-agt,(«1^.0 2.32 
/ dI/f(L) % P / dI/f(L) 
Equation 2.32 Is a nonlinear differential equation In \^ich E(t) is 
not known. Equation 2.32 can be rearranged to 
liJLIM a . + 't> + , 33 
^e P / dI/f(L) / dI/f(L) 
o o 
which can be further rearranged to 
dl 2gf(L)r^2 P(Hj + H^) 2gf(L)r^^ p 
dt " Î leu 
16 y / dI/f(L) 
o 
- 'Ll m («)' 2.34 
f(L) 16 y I dt 
f dI/f(L) 
o 
By collecting like terms, equation 2.34 can be simplified to 
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/ dI/f(L) 
o 
(fizZ) 2 
2g*f(L) 
/ dI/f(L) 
o 
2 In equation 2.35 the term (pg r^ /8y) will be defined as a constant K^. 
This assumes that p and y are constant and that the effective radius r^ 
except at the soil surface is constant with depth and time. In a field 
situation, the soil structure and thus r^ changes with time through the 
effects of cracking, the effects of tillage operations, and the effects of 
falling raindrops. These effects predominately occur in the surface 
seglment of a field soil. Instead of allowing r^ to vary in equation 
2.35, r^ will be set equal to a constant obtained when the soil profile 
is in a relatively stable condition. Any effects that occur due to r^ 
changing with time at the surface will be included in the entrance 
function E(t) which will now be written as Eg(t) and should not be con­
fused with E(t) = 1 + K . The function E (t) like E(t) remains dimen-
e s 
sionless. With these assumptions equation 2.35 can now be written as 
/ dI/f(L) f dI/f(L) 
o o 
2 
where is a constant equal to (pg r^ /8y). 
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The change of equation 2.35 to the form of equation 2.36 where all 
surface parameters are luiiq>ed together in E^Ct) is analogous to changing 
the saturated flow problem in a layered soil as given in Fig. 2.3Â to an 
equivalent problem with the same final result as given in Fig. 2.3B. 
The problem given in Fig. 2.3A can be solved by applying the Darcy equa­
tion simultaneously to soil a and b in the profile. Kirkham and Powers 
(1972, p. 46) give the Darcy equation as 
where 
Q = the flow rate of water, 
K = the hydraulic conductivity 
A = the area of cross-section 
hg-h^ = the head difference, and 
Zg-z^ = the length of flow. 
When equation 2.37 is applied to soil a, the following is obtained; 
Q = -KA (h^ - hj^)/(z2 - Zj) 2.37 
Q = -K A h /L 
^a a a a 
2.38 
In soil b, equation 2.37 gives 
% ' -V \'h 2.39 
To maintain continuity, Q must equal Q, which gives 
a 0 •b
-V \'h ' -V "b'S 2.40 
Equation 2.40 can be rearranged and simplified to 
" Soil a 
. K_ 
Main 
prof Me 
soi 1 b 
ty 
Main 
" profÎle 
extended 
_ to _ 
surface 
H 
Adjusted 
head to 
a give same 
flow as 
In A u> 
Fig. 2.3. Flow through saturated soil with surface effects handled two different ways 
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2.4X 
From Fig. 2.3A, the head can be written as 
\ ""t -
Substituting the value for h^ from equation 2.42 into equation 2.41 gives 
h 2.42 
a 
ha ' - ^a) 
Equation 2.43 may be solved for h^ as 
a b.L 
h S 
"a - (-^4-1-) "t 2-''^ 
Substitution of the value for h^ in equation 2.44 into equation 2.38 gives 
the flow Q through both layers of soil of Fig. 2.3À as 
S L 
\ S . \ Qa - -V ( e 2-45 
1 + K S 
Another way to solve the problem given in Fig. 2.3A is to extead the 
main soil profile to the surface as given in Fig. 2.3B. The problem in 
Fig. 2.3B has only one hydraulic conductivity. Thus to make the problem 
equivalent to the problem in Fig. 2.3A an adjustment must be made to allow 
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for the surface condition observed in Fig. 2.3A. This can be done by 
adding a surface factor e to modify the Darcy equation to 
V Q = -[-= e] h 2.46 
It should be noted that the surface factor may be positive or negative 
depending on the magnitude of the surface conductivity compared to the 
profile conductivity. The right side of equation 2.46 can be set equal 
to the right side of equation 2.45 to give 
L 
V  _  . . / a h ,  \  
a "-a 
't- - k, l . .>  l  2.47 
Equation 2.47 can be solved for e as 
S L 
K. A K K L, 
e = -Y- - A( 2.48 
K 
Equation 2.48 can be rearranged and simplified to 
L 
e = -2- (1 - \ - ) 2.49 
K S, 
Multiplying the numerator and denominator of the term on the right in 
equation 2.49 by gives 
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K.A 
e - ^  [1 ^ ] 2.51 
a 
Equation 2.51 can be used to determine the restrictions placed on e for 
a given set of soil surface conditions as follows: 
(a) If the hydraulic conductivity of soil a is low as for a clay and the 
hydraulic conductivity of soil b is high as for a sand, the term 
(K^/K^)(L - Ly) in equation 2.51 will be large causing e to be 
positive. 
(b) If the hydraulic conductivity of soil a is high as for a sand and the 
hydraulic conductivity of soil b is low as for a clay, the term 
(KJ /^K^ ) (L - L^ ) in equation 2.51 will be small and approximately 
zero. The term L/L^ will be larger than one and e will be negative. 
(c) If the hydraulic conductivity of soil a is equal to the hydraulic 
conductivity of soil b, the term will equal one and e will be 
equal to zero. 
For the problem given in Fig. 2.3, there is no advantage in solving 
the problem using the approach given in Fig. 2.3B since all the hydraulic 
conductivities and lengths over which they apply are given. When the 
hydraulic conductivity is not known, varies with time, and has a 
variable length over which it applies with time t, then the approach as 
given for Fig. 2.SB has the advantage that the three variables K^, L, and 
t, are all included in one entrance function e which varies with time 
and can be written as e(t). This function e(t) is similar to the E(t) 
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function in equation 2.36 and equation 2.36 should have similar advantages 
as does equation 2.46 when surface parameters change with time. 
Comparison of theories 
If equation 2.36 is a valid infiltration equation, then for 
specified conditions, it should reduce to either the Green-Anq>t equation 
or diffusion equation. For comparison the E(t) surface term will be 
assumed approximately equal to zero. Equation 2.36 now reduces to the 
following: 
Kf(L)(H +H) 
É î_+K^f(L) 2.52 
/ dI/f(L) 
o 
For most field conditions will be very small compared to and will 
thus be assumed to be approximately zero. If a constant soil moisture and 
tension is assumed at the wetting front of the length L of soil of 
Fig. 2.2 then f(L) will be constant and equation 2.52 reduces to 
f  =  ^ + K 3  2 . 5 3  
2 
where is a constant equal to K^f and is a constant equal to 
K^f. In equation 2.53 for large values of time, I will be large and 
dl/dt will often be equal to the hydraulic conductivity of the soil. 
Since for large I, dl/dt is approximately equal to K^, the constant 
must be equal to the hydraulic conductivity of the soil. 
The Green-Aiq>t equation is often expressed in the following form 
(Swartzendruber and Youngs, 1974): 
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I - ln(l + I/a^) = b^t 2.54 
where a^ and are constants. Taking the derivative on both sides, 
equation 2.54 becomes 
HT 
dt " *l(l + l/a > ' ""l 2-55 
1 
which after rearrangement gives 
- rfiTir) - "i 
Equation 2.56 can be further rearranged to 
2Y (1 + I/a^ - 1) = b^Cl + I/a^) 2.57 
which on solving for dl/dt gives 
« . (bl + ^  I) a^/i 2.58 
which can be simplified to 
f-^+bi 2.59 
Comparison of equation 2.59 with equation 2.53 shows that both equations 
are of the same form. It can be concluded then that the Green-Ampt 
equation is a special case of the general infiltration equation 2.36 
which has been derived on the basis that pipe flow hydraulics can be 
applied to soil pore flow. Equation 2.36 will next be compared to the 
Horton equation. 
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The Horton equation Is an exponential decay equation (Horton, 1939) 
of the form 
a? ' *2 + (^2 - ^ ^4 > 0 2.60 
or after Integration with respect to t between the limits t = 0 and t = t 
I = at - e 2.61 2 \ 
The differential equation for which Horton's equation 2.61 Is a solution 
Is 
K,I = a_ + K.a t 2.62 dt 4 2 4 
where and a^ are constants. Since the exponential decay equation Is 
easy to use and seems to fit data well for many conditions (Horton, 1939, 
1940; Llgon and Johnson, 1960; Skaggs £t , 1969), It Is desirable to 
compare equation 2.36 to equation 2.62. Equation 2.62 can be rearranged 
to 
. «2 + (a,t - I) 2.63 
If equation 2.63 and equation 2.36 are to give the same results, then 
the right side of equation 2.63 must equal the right side of equation 
2.36. Letting f(L) be constant and expressed as f the result will be 
K f^(H + H ) K E (t) , 2 
^2 + ^«<^2' - " - -é -4-# 2.64 
The term K^f can be subtracted from both sides of equation 2.64 and 
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both sides can be divided by to give 
(^2 - + •=4<^2' - » + V ,dl.2 
Ï zET- <«> 2-" 
Both sides of equation 2.65 can be multiplied by I to give 
- f^(H, +H^) (g)2 2.66 
* Equation 2.66 can be rearranged to 
E (t) 2 [a - K^f] I + K (a t - 1)1 
-&-#) K, 2.67 
Dividing both sides of equation 2.67 by E^(t)/2g and taking the square 
root gives 
+ hj.) - [aj - K^f]! + K^Ca^t -
d T -  I  Ë J W  
To simplify equation 2.68, we will look at the boundary conditions on 
equations 2.36 and 2.60. As time gets large, the amount I In equation 
2.36 of infiltration will get large causing dl/dt to become small. If 
2 (dl/dt) /I approaches zero at a more rapid rate than E^Ct) approaches 
infinity, then dl/dt will approach a constant K^f. Most field tests show 
that the infiltration rate approaches a constant as time increases. As 
time gets large, dl/dt in Horton's equation 2.60 also approaches a 
constant which is given as a^. The terms a^ and K^f thus must be equal 
and equation 2.68 reduces to 
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2g[f^ ( B, + H ) - (a t - 1)1 
» • / —  —  
In equation 2.69 for short time period, I will be small and the term 
[(K^/K^)(a2t - 1)1] will be small. We now need to consider the limit of 
(agt - 1)1 as t goes to Infinity. The value of I from equation 2.61 will 
substitute Into this term to give 
(b - a ) -K t 
limit (a_t - 1)1 = limit [a.t - (a.t = e )] 
t -*• CO 4 
[(agt - e )] 2.70 
Equation 2.70 can be rearranged to 
a_t xj- e 
limit (a t - 1)1 = limit [-^ ^ t v r 1 2.71 
t ^ t » 1*2 " *2' 
The derivative of the numerator and denominator can be taken In equation 
2.71 and L'Hospltal's Rule applied to give 
limit (at - 1)1 = 0 2.72 
t ->• 00 
Equation 2.69 thus reduces to 
for both short (since I is approximately zero when time is short) and long 
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(since the limit of (agt - 1)1 is zero for large t) time periods. 
If a constant moisture tension is assumed at the wetting front 
equation 2.73 reduces to 
dl _ constant o ,/. 
Many factors (tillage operations, amount of cracking, degree of 
surface compaction, and possible others) will affect the initial surface 
condition of a soil before rainfall starts and will thus affect the 
function E^(t). Other factors (wet aggregate stability, kinetic energy 
of rainfall, rate of soil swelling during rewetting, movement of soil 
particles, cover and possible others) will affect the function Eg(t) 
during the time of rainfall. Of the many factors which affect E^(t), 
kinetic energy of the rainstorm might be assumed to be the most ing)ortant 
during the time of rainfall for bare soil conditions. Rainfall and in­
filtration data from Table 5 of Ellison (1945, p. 422) were converted to 
metric units and the drop velocity V^, the rainfall intensity i^, and the 
time duration of rain t, were used to calculate the kinetic energy E^ per 
unit area for a time t, with the following equation 
(1/2) 1 apt v/ 
\ T 
where a is the unit area which cancels from the equation and p is the 
density of fluid. When 1^ has the units of cm/hr and a has units of 
2 3 
cm , p must have units of gm/cm . For p equal to one, equation 2.75 
simplifies to 
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= (1/2) i^t 2.76 
2 
with having units of gm/sec , i^ having units of cm/hr, t having units 
of hr, and having units of cm/sec. Data from Ellison (1945, p. 422) 
converted to metric units and computed values of kinetic energy per unit 
area of soil are given in Table 2.1. Zero values of E^ and dl/dt were 
discarded and the natural logarithms of and dl/dt were plotted in 
Fig.^ 2.4. In Fig. 2.4 the line AB has a slope of -0.5. Because this 
result was obtained, it appears that for the given soil conditions, the 
derived equation 2.36 and the exponential decay equation 2.60 should pro­
duce essentially the same curve. The advantage of the derived equation 
lies in the ability to have the surface factors grouped in one term. It 
is also of interest to note that soil 1 contained nearly twice the percent 
of aggregates less than .105 mm than did the other soils (see Table 2.2). 
Many of the points with the greatest deviations were associated with high 
drop velocities which may indicate that high velocities cause soil to 
break apart and result in surface sealing. It was mentioned earlier that 
the surface function E^(t) would vary with many variables; nevertheless, 
using only kinetic energy of rainfall per unit area of soil appears to 
relate the derived equation 2.36 with Morton's equation through the rela­
tionship of equation 2.74. 
Numbers along the ordinate and abscissa of this figure and many 
other figures in this text are expressed in scientific notation. 
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Table 2.1. Summary of Infiltration data in metric units from Ellison 
(1945, p. 422) with computed kinetic energy per unit area 
of soil 
Drop Rainfall Rainfall Infiltration Kinetic energy 
velocity intensity duration rate per unit area 
cm/sec cm/hr min cm/hr kg/sec^ 
Soil 1 
0.0 17.5 5.0 6.1 0.0 
0.0 17.5 115.0 5.8 0.0 
0.0 17.5 30.0 5.6 0.0 
0.0 17.5 60.0 5.1 0.0 
94.5 17.0 5.0 5.6 6.3 
94.4 17.0 15.0 4.1 19.0 
94.5 17.0 30.0 3.6 38.0 
94.5 17.0 60.0 3.3 76.0 
94.5 17.8 5.0 5.1 6.6 
94.5 17.8 15.0 4.1 19.8 
94.5 17.8 30.0 3.6 39.7 
94.5 17.8 60.0 3.0 79.4 
310.9 17.3 5.0 3.6 69.6 
310.9 17.3 15.0 0.5 208.7 
310.9 17.3 30.0 0.3 417.4 
Soil 2 
0.0 16.5 5.0 10.2 0.0 
0.0 16.5 15.0 9.4 0.0 
0.0 16.5 30.0 8.6 0.0 
0.0 16.5 60.0 7.9 0.0 
0.0 17.0 5.0 8.9 0.0 
0.0 17.0 15.0 8.1 0.0 
0.0 17.0 60.0 7.1 0.0 
310.9 16.3 5.0 4.6 65.5 
310.9 16.3 15.0 1.8 196.4 
310.9 16.3 30.0 1.5 392.8 
310.9 16.3 60.0 1.5 785.6 
621.8 14.7 5.0 3.6 237.3 
621.8 14.7 15.0 0.0 712.0 
621.8 14.7 30.0 0.0 1423.9 
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Table 2.1 (continued) 
Drop Rainfall Rainfall Infiltration Kinetic energy 
velocity intensity duration rate per unit area 
cm/sec cm/hr min cm/hr kg/sec^  
Soil 3 
0.0 17.3 60.0 17.0 0.0 
94.5 10.9 30.0 8.6 24.4 
94.5 10.9 60.0 6.6 48.8 
94.5 17.5 5.0 14.5 6.5 
94.5 17.5 15.0 11.7 19.6 
94.5 17.5 30.0 8.9 39.1 
94.5 17.5 60.0 6.9 78.2 
94.5 29.0 5.0 15.5 10.8 
94.5 29.0 15.0 10.9 32.3 
94.5 29.0 30.0 8.9 64.6 
94.5 29.0 60.0 7.6 129.3 
94.5 11.2 15.0 10.7 12.5 
94.5 11.2 30.0 8.9 24.9 
94.5 11.2 60.0 6.9 49.9 
94.5 16.8 15.0 13.0 18.7 
94.5 16.8 30.0 9.7 37.4 
94.5 16.8 60.0 7.1 74.8 
185.9 16.5 5.0 12.4 23.8 
185.9 16.5 15.0 6.9 71.3 
185.9 16.5 30.0 5.3 142.7 
185.9 16.5 60.0 5.1 285.4 
310.9 8.4 15.0 3.6 101.3 
310.9 8.4 30.0 2.5 202.5 
310.9 8.4 60.0 2.0 405.1 
310.9 11.9 5.0 8.1 48.1 
310.9 11.9 15.0 3.8 144.2 
310.9 11.9 30.0 2.8 288.5 
310.9 11.9 60.0 2.5 576.9 
310.9 11.9 5.0 9.1 48.1 
310.9 11.9 15.0 3.8 144.2 
310.9 11.9 30.0 2.8 288.5 
310.9 11.9 60.0 2.5 576.9 
310.9 17.0 5.0 5.1 68.5 
310.9 17.0 15.0 2.5 205.6 
310.9 17.0 30.0 1.8 411.2 
310.9 17.0 5.0 6.1 70.6 
310.9 17.5 15.0 3.3 211.7 
310.9 17.5 30.0 3.0 423.5 
50 
Table 2.1 (continued) 
Drop Rainfall Rainfall Infiltration Kinetic energy 
velocity Intensity duration rate per unit area 
cm/sec cn/hr ndn cm/hr kg/sec^  
Soil 3 
310.9 30.7 5.0 5.3 123.8 
310.9 30.7 15.0 2.0 371.3 
310.9 11.9 5.0 8.9 48.1 
310.9 11.9 15.0 3.8 144.2 
310.9 11.9 30.0 3.0 288.5 
310.9 11.9 60.0 2.5 576.9 
310.9 17.3 5.0 8.6 69.6 
310.9 17.3 15.0 3.6 208.7 
310.9 17.3 30.0 3.3 417.4 
310.9 17.3 5.0 6.6 69.6 
310.9 17.3 15.0 4.1 208.7 
310.9 17.3 30.0 3.6 417.4 
310.9 17.3 60.0 3.3 834.7 
621.8 16.5 5.0 1.8 266.0 
621.8 16.5 15.0 0.8 797.9 
Soil 4 
0.0 16.8 5.0 16.5 0.0 
0.0 16.8 15.0 16.5 0.0 
0.0 16.8 30.0 16.0 0.0 
0.0 16.8 60.0 15.5 0.0 
94.5 16.3 5.0 16.0 6.0 
94.5 16.3 15.0 13.2 18.1 
94.5 16.3 30.0 11.2 36.3 
94.5 16.3 60.0 9.4 72.6 
310.9 16.5 5.0 9.1 66.5 
310.9 16.5 15.0 5.3 199.5 
310.9 16.5 30.0 4.6 398.9 
621.8 16.5 5.0 3.8 266.0 
621.8 16.5 15.0 1.8 797.9 
621.8 16.5 30.0 1.8 1595.8 
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Table 2.2. Physical properties of test soils* 
Soil Aggregates less than .105 mn Clay 
pet pet 
1 56 14 
2 33 12 
3 20 12 
4 20 6 
*From Ellison, 1945, page 423. 
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Summary and conclusions 
A general Infiltration equation capable of handling a changing sur­
face condition has been derived by use of the energy equation. While the 
derived equation contains a surface function E^Ct) which depends on many 
variables and may be difficult to define, it was shown that neglecting 
the function E^(t) will cause the derived equation to reduce to the same 
form as the Green-Ampt equation. Experimental data presented by Ellison 
was used to indicate that for field conditions, results from use of 
Horton's equation should also match closely to the results of the derived 
equation. Finally, the derived equation has the advantage of having the 
surface effects grouped in one function which can be separated from other 
variables affecting infiltration. This feature may offer flexibility in 
predicting infiltration as a function of tillage and crop cover conditions 
which is presently lacking in hydrologie modeling. 
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PART III: SOIL LOSS EQUATION 
Derivation Apr able for a Wide Range of Slopes 
Introduction 
In modeling or predicting sediment transport It Is often desirable 
to predict soil loss with time for a single storm event. This Is in 
contrast to the needs for soil management measures where soil loss Is 
usually expressed on an annual basis. A single, single event soil loss 
equation which could be integrated over the time period of a year would 
be useful both in predicting sediment transport and in soil conservation 
work. 
Before deriving an equation of this nature, a relationship between 
soil loss and average uniform flow velocity will be developed. Manning's 
equation will then be used to evaluate this velocity in terms of field 
parameters to produce the final equation. Two soil loss equations will 
be obtained by use of two different assumptions. Each of these equations 
will then be compared to similar soil loss equations presented in the 
literature. 
Relationship between soil loss and average flow velocity 
In the erosion process, soil particles must first be detached from 
the main soil mass by forces resulting from raindrop impact and velocity 
of flowing water. After detachment occurs, the particles then must be 
accelerated from zero initial velocity to approach the velocity of the 
moving water. That the particles must be accelerated, stems from the 
basic law of motion that a change in the magnitude or direction of 
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velocity requires the application of force. The force causing this 
acceleration or the anergy Initiating particle movement should be derivable 
from the energy of the moving fluid and be related to the velocity head. 
Particles suspended in water will tend to settle out of suspension from 
the effects of gravity, and a continuous supply of energy will be 
required to reaccelerate the soil particles to maintain the sediment 
transport process. The soil loss from a given area for a specified 
period of time should be related to the amount of soil that is incor­
porated into the body of the moving fluid. In other words, some function 
a is expected to exist which defines the required kinetic energy of the 
flowing water used in the erosion process. 
It is assumed that a function of a, V, and t exists which predicts 
soil loss from an area of soil and that this function may be written as 
a product of two functions f and g as 
X - [f(a)][g(V t)] 3.1 
w 
where 
X = soil loss, mass (from an area of length L and width unity for a 
time period of concern) 
a « erodibility condition or detachment index, 
" average velocity of water, and 
t - time. 
This equation applies to a set of watersheds of length L and unit width 
as presented in Fig. 3.1 where X refers to the amount of soil removed 
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Fig. 3.1. Representation of a set of watershed conditions for which a 
soil loss equation is to be developed 
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from a given watershed for a specified length of time, is the velocity 
of runoff at the discharge end of the watershed, and a is the erodibility 
condition for that particular watershed. 
The two primary energy sources which cause soil loss from a water­
shed are kinetic energy of runoff water and kinetic energy of falling 
raindrops. The kinetic energy of flowing water can be expressed as 
where 
= kinetic energy 
m = mass of the water, and 
w 
= velocity of the flow. 
If soil loss were directly proportional to the available kinetic energy 
of surface flow, the form of the unknown function could be given by 
equation 3.3 
X = [f(a)g(t)]E^ 3.3 
Substituting equation 3.2 for kinetic energy in equation 3.3 gives 
X = [f(a)i(t)](j)m^V^^ 3.4 
Now taking the derivative of equation 3.4, twice with respect to V , 
w 
gives 
[f(c.>i(t)lmj„ 3.5 
w 
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~= [f(a)g(t)]m^ . 3.6 
3V 
w 
If all variables except time are now held constant and equation 3.6 
differentiated with respect to t, equation 3.7 is obtained. 
3(-
3V 
w 
3([f(a)g(t) ]mj 
3.7 3t 
For steady state conditions, the right side of equation 3.7 would equal 
a constant and 
an equation for soil loss in terms of the variables V^, t, and an unknown 
constant. Boundary conditions of the system would also have to be used 
to determine the constants of integration. 
The actual soil loss may not, however, be directly proportional 
to the kinetic energy of surface flow. Nevertheless, taking the partial 
derivative of the assumed soil loss function with respect to velocity twice 
and time may help in developing the soil loss equation, provided the 
equation in this form can be shown to be equal to a constant or some 
other simple function. Performing the suggested differentiation of 
equation 3.1 gives 
= constant 3.8 
Integration of equation 3.8 with respect to both t and would lead to 
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,2 3^([f(a)ltg(V .t)]) 
3(^) 3( ^ ) 
8V 3V 
i 
A function Is now needed which involves the derivative with respect 
to t and the second derivative with respect to This will be obtained 
by use of Newton's Equation of Motion: 
F = m a 3.10 
s s 
where 
F = the sum of the forces acting on the soil being moved, 
m^ = the mass of soil being moved, and 
a^ = the acceleration of the soil being moved. 
Rearranging terms to obtain the mass of soil moved on one side, gives 
m = F/a 3.11 
s s 
Force times the distance, d, over which the force acts is the amount of 
work done. This is also related to the kinetic energy developed as the 
soil mass is accelerated to the velocity of the flowing water: 
Fd = (l/2)mgVg^ 3.12 
This is only an approximation since some energy will be dissipated in 
friction. Multiplying numerator and denominator of equation 3.11 by d 
and substituting in the results of equation 3.12, equation 3.13 is 
obtained : 
m^ = (l/2)mgVg2/(dag) 3.13 
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The average velocity of soil particles cannot exceed the average velocity 
of water; it will be assumed that the average terminal velocity of soil is 
some function, J, of the average velocity of water: 
V = JV 3.14 
s w 
2 2 2 V ^ = J^V ^ 3.15 
s w 
Thus 
m = (l/2)m /v 2/(da ) 3.16 
s s w s 
Multiplying both sides by the partial changes of soil mass moved with 
respect to twice and t and dividing by m^, yields 
8( 1) ( 1) 
'V 'V 2 
-T = ^ 25riv 
s 
Up to this point it has been suggested that a function a exists which 
determines the amount of soil loss for a given velocity of water flow. 
Now a will be defined as the function enclosed in the brackets in the 
above equation. This gives a function in the desired form: 
% 8m , 
^ (-TT) ' 3.18 
w 
It should be noted that the variable m is the same as the variable X. 
Setting the left side of equation 3.9 equal to the right side of equation 
3.18 gives 
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aA) 
2 
—Ê- = "V 3.19 
Integration^of equation 3.19 with respect to should produce an equa­
tion for rate of soil loss. For a watershed as given in Fig. 3.1, the 
lower limit of runoff velocity will equal zero and the upper limit will 
be the velocity, V, at the lower end of the watershed assuming small area 
of equal slope. Integrating equation 3.19 between these limits and assum­
ing a is not a function of velocity gives 
f = # 
If it is assumed that a and V are independent of time (steady flow), 
integration of equation 3.21 from t = 0 to t = t^ gives 
X = (^) atVj4 3.22 
as the quantity of sediment lost from the watershed for a storm of dura­
tion tj. Equation 3.22 agrees with Meyer and Mbnke (1965) that "the 
4— quantity of sediment that it [runoff] can transport increases as V ." 
^In the differentiations and integrations in equations 3.5 to 3.22 
(and elsewhere) it is tacitly assumed that the functions are continuous 
even though raindrop splashes that cause erosion are discrete (dis­
continuous events). 
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Function for velocity 
To complete the derivation of a soil loss equation, a relationship 
which expresses runoff velocity as a function of variables of field 
geometry is needed. Manning's equation for channel flow will now be 
assumed to apply for overland flow. Manning's equation (Chow; 1959, 
p. 98) is an empirical equation and has in metric units the form. 
V = 3.23 
where 
V = velocity in meters/second, 
n = a coefficient of roughness 
R = the hydraulic radius in meters, and 
s = the slope of the energy line which is approximately the slope 
of the channel bottom in meters/100 meters. 
The hydraulic radius is defined as the ratio of the cross-sectional area 
of flow divided by the wetted perimeter. Letting equal the cross-
sectional area of flow, and p equal the wetted perimeter, equation 3.23 
can be rearranged to obtain equation 3.24 
' = 3.24 
P 
The flow rate Q can be related to the velocity of flow by 
Q = VA 3.25 
w 
Rearranging equation 3.25 and substituting into equation 3.24 for A 
w 
gives 
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1 1 Q 1/2 
P 
2/1 Multiplying both sides by V gives 
f 3 . 2 7  
P 
The runoff Q can be expressed as a function of length of field L, 
width of field w, infiltration i, and rainfall intensity i^. Â simple 
method for estimating Q will be used, 
Q = F^i^A 3.28 
where 
= the fraction of rainfall which runs off, (i^ - i)/i^ 
i^ = intensity of rain for a time duration t^, and 
A = area of watershed. 
For the watershed presented in Fig. 3.1, A will be equal to L times unity, 
and 
Q = F^i^L with p = 1 3.29 
The use of equation 3.29 will add a limitation to the final result. 
The problem is that the flow rate Q cannot change abruptly for an abrupt 
change in i . Instead a time of concentration t is needed to infer effects 
r c 
of i^ at the upper end of the watershed to be added to the effects of i^ at 
the lower end. Equation 3.29 and the final soil loss equation will only be 
valid after steady state conditions of flow have been reached. If t^ is 
large compared to t^, however, this limitation can be neglected. 
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Substitution of equation 3.29 into equation 3.27 gives equation 
3.30. 
= (i)(F i )2/3 ^ 2/3 gl/2 3.30 
n r r 
Taking the 3/3 power of each side of equation 3.30 gives 
V = (^) ^ (Fpi^jZ/S ^2/5 g3/10 3.31 
Substituting the expression for velocity from equation 3.31 into 
equation 3.21 gives 
f ' C V'-' 3.32 
Integration of equation 3.32 from t = 0 to t = t^ gives 
a(F i )!'* 16 12 
X = ^  [ / dt] gl'Z 3.33 
^ 0 n"^'^ 
Lumping all terms except L and s into one function C, gives the follow­
ing: 
X = C 3.34 
which differs only in the exponent of s from the empirical equation 
reported in the literature by Zingg (1940) which is 
X = C s^*^ 3.35 
Zingg (1940, p. 63) defines C as being a function of "infiltration rate, 
physical properties of soil, intensity and duration of the rain, and 
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other factors." Note the agreement between Zlngg's C and our C. Our 
C contains the effects of Infiltration in the variable physical 
properties of soil in a, intensity and duration of the rain in 1^ and 
tj, and also Includes a roughness factor n. 
The exponents in equation 3.33 are within the range of experimental 
data reported by Meyer (1965) 
Past research has suggested that soil erosion by runoff 
is related to slope length by the power equation e^ [is 
proportional to] L^»35 to 1.6^ where ej. is the erosion per 
unit of width and L is the slope length. Similarly, 
research data have indicated that e^ [is proportional to] 
si*2 to 1.6p where S is the slope steepness. 
Development of a more refined soil loss equation 
Up to this point in the development, only the effects of flowing 
water have been considered. It has been suggested that the a term is a 
function of soil properties and raindrop detachment but a has been 
assumed to be Independent of flow velocity. If a were not independent 
of velocity, integration of equation 3.18 would have yielded a differ­
ent result for equation 3.19. The function a will now be considered a 
function of velocity and a different solution will be sought. 
Various researchers (Palmer, 1963; Mutchler and Young, 1975) have 
suggested that drop size and depth of surface water produce a signifi­
cant affect on soil detachment. While their opinions vary regarding the 
critical depth of water to give maximum detachment, these researchers 
do agree that a critical depth does exist at a relatively shallow depth 
and that detachment decreases for larger depths. The exact function is 
probably quite complex. To keep the mathematics simple, it will be 
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assumed that detachment will decrease with depth raised to some power. 
The effect of drop diameter will also be included by dividing the drop 
diameter by depth of surface water. Mutchler and Young (1975) have 
demonstrated that drop diameter as well as depth of water is important 
and used this ratio in their work. 
It is now assumed that a is directly proportional to (D/h^)* where 
u is an unknown positive exponent, D is the diameter of raindrop, and 
hp Is the depth of surface water that provides protection from the rain 
drops. Notice that as the depth of water h^ gets large, a becomes small 
and for infinite depths of surface water there would be no raindrop 
erosion (as for a lake standing on soil). Also as D gets large for fixed 
hp, the factor (D/h^)* becomes large and hence a and X will be large. In 
addition to the factor (D/h )" another factor is needed in replacing a 
P 
of equation 3.19. The needed factor accounts for splash transport and, 
as derived by Ekem (1950), is chosen as (0.50 + s) where s is the slope 
of the soil expressed as a fraction. Thus, a of equation 3.19 will be 
replaced by 
a = C,(D/h )"(0.50 + s) 3.36 
1 P 
where is a constant of proportionality. 
For small angles, the depth h^ times unity will equal the cross-
sectional area of flow A for a watershed given in Fig. 3.1. Equation 
w 
3.25 can now be used to write h in terms of velocity, 
P 
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Substitution of equation 3.28 into equation 3.37 gives 
F 1 L(l) 
% - -viir-f w 
Thus a becomes, 
D V 
a = C, (- , 5" (0.50 + s) 3.39 1 F^i^ L 
Substituting equation 3.39 into equation 3.19 gives equation 3.40. 
3(^ ) 
av D V , 
—IT" = (0-50 + S)V 3.40 
The velocity terms in equation 3.40 can now be grouped to obtain 
3(-^) 
3V 
r r 
Equation 3.41 can now be Integrated between the limits of = 0 and 
V = V as follows: 
w 
3(||-) 
-à- = (yrir) (o.so + s)v^ 3.42 
3x r 1 , ^ , D " . ^„4+u 
3t ~ '•(3 + u)(4 + u)] ^ 
Equation 3.31 can now be substituted into equation 3.43 to obtain 
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" 1 
-) (0.50 + s)(i) .0.6(4+u) 
(F i )0'4(4+u) ^ 0.4(4+u) g0.3(4+u) 
To determine a number for u, the raindrop-impact system will now be 
considered. If one takes a pan of water and allows drops of water to 
fall onto the surface, three splash characteristics will be produced 
depending on the depth of water. There are three cases which can easily 
be verified by the reader at the kitchen sink with a shallow pan of water. 
Case 1: When the depth is very shallow, the drop on impact will move 
laterally breaking into smaller droplets. Case 2: Increasing the depth 
slightly, will cause the striking drop to move laterally in sheet flow 
developing a crater in the water surfaced penetrating to the pan bottom. 
Case 3: The third splash characteristic occurs for relatively deep 
depths where the striking drop penetrates the water surface to form a 
crater but the bottom of the crater remains above the pan bottom. In 
this case, the crater will collapse and cause a rebound of a drop. 
Grassman, Sawistowski, and Hardbottle (1971, p. 308) give a time series 
of photographs illustrating case 3. If the transition between case 1 and 
2 is taken as the depth which would cause the most force on the bottom 
of the pan or "critical depth" as defined by Palmer (1965), two splash 
conditions would be expected for deeper depths depending on the depth 
of the water layer. 
In the raindrop-impact problem, the geometry is controlled by the 
drop diameter and the depth of water layer. Combining these together 
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to form a dimenslonless parameter (D/hp) yields the factor used in 
equation 3.36. Data given in Table 3.1 was obtained from Fig. 10 of 
Palmer (1965, p. 70) relating measured strain to depth of water. Palmer 
showed that peak strain was correlated with peak soil loss and that both 
strain and soil loss decreased as the depth of water layer was increased. 
In Fig. 3.2, measured strain is plotted against (D/h^). There is scatter 
in the data, but a break is apparent in the data at about 12 nm depth. 
For depths greater than 12 nm, the data seems to collapse onto one 
curve ÂB. For depths less than 12 mm the data deviates from curve AB 
at different points but the slope of deviations is approximately the 
same for all three drop diameters. The slope for each of these flatter 
curves was computed. The average slope was found to be 0.162 or about 
1/6. The observance of two slopes would help to explain why two differ­
ent splash characteristics are observed beyond the critical depth. Based 
on this data, 0.162 will be used for u. 
Making the substitution of 0.162 for u In equation 3.44 gives 
II = 0.0760 C^(p ° ^)0-1G2(0.50 + 
3.45 
If equation 3.45 is now integrated from t = 0 to t = t^ and the result 
divided by L, equation 3.46 is obtained which gives soil loss per unit 
area Instead of unit width. 
70 
Table 3.1. Experimental data showing the effects of drop diameter D and 
depth of surface water h^ on measured strain* 
D 
(mm) 
h 
P 
(mm) 
D/h 
P 
Measured Strain 
(cm/cm X 10~^) 
5.9 6 0.98 16 
5.9 8.2 0.22 15 
5.9 10 0.59 13.5 
5.9 15 0.39 12 
5.9 20 0.30 8 
5.9 30 0.20 4.9 
4.7 4 1.18 33 
4.7 6 0.78 12.9 
4.7 8.2 0.57 12.5 
4.7 10 0.47 10.6 
4.7 15 0.31 7.5 
4.7 20 0.24 5.8 
4.7 30 0.16 3.5 
2.9 2 1.45 6.0 
2.9 4 0.74 5.0 
2.9 6 0.48 6.0 
2.9 8.2 0.35 5.0 
2.9 10 0.29 4.9 
2.9 15 0.19 3.5 
2.9 20 0.15 3.1 
2.9 30 0.10 2.5 
*Numbers were 
p. 70) 
read as closely as possible from Fig. 10 of Palmer (1965, 
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DROP IMPACT EFFECTS 
DROP DIAMETER 5.9 MM 
DROP DIAMETER I&.7 MM 
DROP DIAMETER 2.9 MM in. 
0.066 
cn 
11 A 
D/h 
Fig. 3.2. Effect of drop diameter divided by depth of water layer on 
measured strain. The average of the slopes s. , s„, s_, is 
0.162 or about (1/6) 
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X = 0.0760 / (1)2.497 
a 0 * 
(O.SOs^'Z** + 3.46 
Equation 3.46 can be written as 
X - [0.076 / CLD°'l*2(l)2'497(p ^ ^ 1.503^^^ S 3.47 
a 0 z n r r J. 
where is a dlmensionless slope factor given by 
$1 = 0^(0.50 sl'24* + sf'Z**) 3.48 
where the constant of proportionality has been divided into two 
constants and C^. 
In equation 3.47 two interesting features are apparent. First the 
exponent 0.503 on L is almost identical to the exponent on L of 0.5 used 
to obtain the length factor in the Universal Soil Loss Equation given by 
Wischmeier and Smith (1965, pp. 3-38) as 
X = R K L. S C. P 3.49 
a It
where 
X^ = soil loss, tons/acre/year, 
R = rainfall factor, 
K = soil erodibility factor, tons/acre/year, 
Lg = slope length factor, 
S = the slope-gradient factor, the ratio of soil loss from the 
field gradient to that from a nine percent slope. 
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Cg = crop management factor, and 
F = erosion-control practice factor. 
All factors In the Universal Soil Loss Equation are dlmenslonless except 
K. When Is to be expressed In metric units, K must also be expressed 
In the proper metric units. The factor Is computed by 
when L Is expressed In feet or 
L 
^f " (22.1) 3.51 
when L Is expressed In meters. The S factor Is computed by 
„ _ 0.43 + 0.30s + 0.043s^ 
6.613 
where s Is expressed as a percent. When s Is expressed as a decimal, 
equation 3.52 becomes 
S = 0.065 + 4.54s + 65.Os^ 3.53 
The second observation Is that the slope factor Is expressed In the 
form of a polynomlnal equation 3.48 similar to equation 3.53. A value of 
34.3830 was computed for In equation 3.48 by setting equal to unity 
and s equal to 0.09 and solving for the one unknown C^. This Is con­
sistent with the definition of the slope-gradient factor In the Universal 
Soil Loss Equation 3.49 which gives unity for a slope of 0.09. Points 
were plotted In Fig. 3.3 for both equations 3.48 and 3.53. From the 
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results In Fig. 3.3, it appears that the derived equation 3.48 compares 
quite closely to the statistically determined equation 3.53 used with 
the Universal Soil Loss Equation. Equation 3.48 seems more reasonable 
at the value of zero slope than does equation 3.53. At zero slope, zero 
sediment should be removed. 
The variable D can also be eliminated in equation 3.46 by making use 
of the work of Laws and Parsons (1943). They found that the medium drop 
size could be related to intensity as follows: 
D = 2.23 3.54 
Making use of this equation and lumping all constants into one unknown 
term, C^, equation 3.47 reduces to 
t 1.503 1.532 
^ 2.497^ dt] L°'503 (0.50 + g2'249) 3,55 
0 n 
Expansion of the derived soil loss equation for steep slopes found in 
strip mined areas 
It is well at this point to define the term "steep slope." We will 
arbitrarily define "steep slope" as any slope greater than 0.2. The 
slope of 0.2 is approximately the upper limit of field slopes normally 
used in crop production. Slopes greater than 0.2 are often found at 
construction sites and strip mine areas; a soil loss equation for steep 
slopes is needed. For error analysis, the trlgometrlc terms, s = 0.20, 
tan 6 = 0.20, 0 = 11.309, sin 6 = 0.1961, and cos 9 = 0.9806, will be used 
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EFFECT QF SLOPE ON X 
5 EQUATION (3.53) 
S. EQUATION C3.U.B7 
CO" 
cn 
o~ 
0.40 0.80 
SLOPE (M/100MÎ 0.00 1.20 1.60 (xlO-' I 2.00 
Fig. 3.3. Comparison of the experimentally determined slope factor s used 
in the Universal Soil Loss Equation 3.49 to the slope factor 
of the derived equation 3.46 
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in the next development, where 6 is the angle of the slope with the 
horizontal. 
It has been shown that the effects of length and slope in equation 
3.55 agree very closely with the functions for length and slope factors 
in the experimentally obtained Universal Soil Loss Equation. Four 
approximations, however, were made in developing equation 3.55 which would 
produce significant error for steep slopes as found in many strip mined 
sites. 
The first approximation occurs with the use of Manning's equation. 
While Manning's equation, equation 3.23, is an empirically developed equa­
tion, it can be written in the form of the Chezy formula (Chow, 1959, 
pp. 94, 100) 
V = C_(Rs)l/2 3.56 
w j 
where 
= velocity of surface flow, meters/second, 
Cg = a factor of flow resistance, which in metric units equals 
R = the hydraulic radius in meters, and 
s = the slope, meters/100 meters. 
Chow (1959, pp. 93, 94) derives the Chezy equation mathematically. In 
the derivation the approximation sin 0 = tan 6 is used. At s = .2, 
this approximation produces an error of 2.0 percent. Ekem (1950) also 
makes this same approximation in his derivation of an equation for splash 
transport which was used in equation 3.36. For steep slopes the two above 
approximations should not be used in equation 3.55. Replacing s in 
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equation 3.55 with sin 6 gives 
t 1.503 . 1.532 
"4 ' 2.497' dtjl"-'" 
u n 
[0.50(sin + (sin 3.57 
Equation 3.57 can be rewritten as 
'd F 1-503 i 1-532 
"a ' S ' 2.497' 3.58 
u n 
where is a dimensionless slope factor given by 
Sg = Cg[0.50(sin + (sin 8)^'^**] 3.59 
where the constant has been divided into two constants and Cg. A 
value of 34.4948 was computed for Cg in a similar manner as was done for 
Cg in equation 3.48. Points were confuted and plotted in Fig. 3.4 for 
equations 3.48, 3.53, and 3.59 for comparison. It is obvious from Fig. 
3.4 that for steep slopes, the curve differs from both the S and 
curves by a significant amount. At a slope of 0.2, however, the differ­
ence between and Sg is only 0.3 percent and is slightly closer to S 
of the Universal Soil Loss Equation. 
The third approximation was made in equation 3.28. In equation 
3.28 it was assumed that the area of rainfall was equal to the area of 
the watershed A. For steep slopes this is not true and the projected 
area of rainfall will be equal to A cos 6. The correct form for equation 
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3.28 for all slopes now becomes 
Q = A cos 6 . 3.60 
In making this correction in equation 3.57, the term, cos 6, will be 
raised to the same exponent as was in going from equation 3.28 to 
equation 3.57. Thus, equation 3.57 becomes 
t 1.503 . 1.532 
\ ' 1/ <=4 ' ^2.497 "1 
[0.50(sin + (sir 3.61 
Using this correction, a new slope factor can now be written as 
Sg = (cos e)l'503[0.50(sin + (sin 0)^-^^®] 3.62 
where is a constant. A value of 34.7046 was computed for in a 
similar manner as was done for C. and C,. Points from equation 3.62 3 o 
were also computed and plotted in Fig. 3.4. For steep slopes, a large 
difference between the and S or curves is observed. However, at a 
slope of 0.2 the difference between and is only 0.9 percent with 
being a little closer to S of the Universal Soil Loss Equation. 
The fourth approximation was made in equation 3.36 wherein for small 
angles the depth h^ was taken as the depth of flow. For steep angles, 
the depth of flow h will be related to the depth of protection h^ by 
h = h cos 0 3.63 
P 
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EFFECT OF SLOPE ON 
5 EQUATION (3.S3) 
S. EQUATION C3.I18) 
3^ EQUATION C3.59I 
5, EQUATION 13.62) 
o_ 
CO 
# 
«fQ 
coo 
.to­
co 
0.90 0.00 0.40 
SLOPE (M/100MÎ 1.20 1.60 2.00 
Fig. 3.4. Comparison of slope factors for soil loss equations 
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Making this correction to equation 3.37, h^ can be written in terms of 
velocity as 
% V^(l) cos 0 3.64 
Making the third correction in equation 2.29 and substituting into equa­
tion 2.64 gives 
Since both the numerator and the denominator in equation 3.65 contain 
cos 6, a of equation 3.36 will remain unchanged and equation 3.61 will 
also remain unchanged. Equation 3.61 will give essentially the same 
result as equation 3.55 for small slopes; but as the slope is increased, 
the deviations from equation 3.55 become significant as shown in Fig. 3.4. 
Note in Fig. 3.4 that reaches a peak value at a slope of 1.1. While 
none of the other slope factors produce a peak, the curve is in 
agreement with the experimental results of Foster and Martin (1969) who 
obtained a peak soil loss at a slope of about 1.0 for a soil of high 
3 bulk density (1.52 g/cm ). When the bulk density was varied, they found 
that the peak occurred at different slopes and ranged between slopes of 
0.5 and 1.0. Foster and Martin (1969, p. 559) make the following comment 
concerning their experimental results: 
This relationship between quantity of erosion and slope is 
not in agreement with the conclusions of Osbom (6), Borst and 
Woodburn (1), Duley and Hays (2), and Meyer and Monke (5), who 
concluded that an Increase in slope (without qualification as 
to the slope limits) results in an Increase in soil loss. The 
tests by these Investigators, however, did not consider unit 
\ " V^(l) cos 0 
[F^i^L(l) cos 0] 
3.65 
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weight as a variable and were conducted on relatively flat 
slopes which never exceeded 25%, whereas the slopes tested In 
this study varied from a minimum of 33% to a maximum of 100%. 
The relationships between erosion and slope were, however. In 
qualitative agreement with the results of Horton (4). Studies 
made by Horton showed that the amount of erosion occurring on 
a slope increased to a maximum on a 40 slope and then decreased. 
Since equation 3.62 agrees best with the conclusions of Foster and Martin 
for high bulk densities, it would appear that equation 3.61 may be 
limited to high bulk density conditions for which the bonding forces 
between soil particles are large compared to gravitation forces. Since 
high bulk density conditions seem to prevail at strip mine sites, it is 
felt that equation 3.61 will provide a reasonable approach to management 
decisions and be superior to the Universal Soil Loss Equation for steep 
slopes. 
Conclusion 
Equation 3.61 has been developed for prediction of soil loss from a 
field. The equation is valid for a wide range of slopes including very 
steep slopes often found at strip mine sites. The derived equation con­
tains an unknown function which probably varies with time, amount of 
rilling, and soil properties. Further development is needed to determine 
the nature of this function. Also the infiltration characteristics must 
be known to evaluate in the equation. Even the roughness coefficient 
n is probably a function of rainfall intensity and will change with time. 
This equation does, however, compare favorably with the Universal Soil 
Loss Equation for flat slopes (0-20 percent). For steep slopes, the 
equation agrees with experimental results of Foster and Martin (1969) . 
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Finally this equation was based on expressions of physical processes 
presented in the literature and did not require statistical fitting of 
large quantities of data. 
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PART IV: EXPERIMENTAL PLAN AND RESULTS OF DATA COLLECTION 
Experimental Design and Data Collection Procedure 
To obtain maximum usage of experimental data, an experiment in 
question should be planned to meet the objectives and to minimize the 
possibility of experimental deviations in replications. This section 
provides an overview of the experimental plan and also presents a dis­
cussion of the experimental procedure used in making field tests. 
Experimental plan 
One of the main objectives of this research was to collect experi­
mental data to test the validity of the derived infiltration equation and 
secondly to characterize the infiltration for the various soil and mine 
spoil conditions usually found in southeastern Iowa. To meet the first 
objective, a disturbed soil with three surface treatments was selected. 
The disturbed soil was a silt loam soil which had been highly compacted 
by earth moving equipment. The three treatments included; 1) a non-
tilled condition as left by the contractor, 2) a tillage treatment on bare 
soil of chisel plowed two trips across the field, and 3) a grass cover on 
a disturbed soil tilled in the spring by discing to establish the grass. 
These three treatments allowed the effects of surface parameters to be 
related to infiltration. 
To characterize the general infiltration functions of different soil 
conditions found at coal mine sites, four basic soils were selected for 
tests: 
1. the silt loam described above, 
2. shale stockpiled during the mining operation, 
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3. subsoil material, and 
4. a mixture of topsoil, subsoil, shale, and calcium carbonate 
rock (all of which had been placed in piles by mining with a 
drag line). 
The last test was made on a reclaimed mine site where the soil was 
leveled with a bulldozer. To check the variation between tests, three 
runs were made on each site and treatment. 
One of the key reasons for wanting to model the hydrologie cycle 
on mine areas was to predict how serious the pollution carried 
by runoff into local streams might be. To determine the concentrations 
of selected pollutants in the runoff, samples were taken every five 
minutes when possible for the first thirty minutes, every ten minutes 
for the next thirty minutes, and finally every twenty minutes for the 
remainder of the test. Specific conductance and pH, for at least one run 
on each basic soil type, were measured in the field after the samples 
were collected. The samples were then transferred to a local locker 
plant and frozen for later analysis. 
Experimental equipment and procedure 
A simulated rainfall was applied to each site by a single nozzle 
sprinkling infiltrometer borrowed from the University of Missouri. 
Bertrand and Parr (1961), at Purdue University, originally developed an 
infiltrometer of this type; then Dixon and Peterson (1964) at the Uni­
versity of Wisconsin modified the original design. Later, Powell (1967), 
at the University of Missouri, further modified the design and constructed 
the present equipment. 
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The equipment (see Flow Diagram 4.1) consists of a gasoline engine 
which powers both a pressure pump and a vacuum pump, pressure regulating 
equipment which controls the discharge, a nozzle tower which supports a 
single nozzle nine feet above the test area, a plot border forty-five 
and three-fourths Inches square and twelve inches high, and a runoff 
collection system consisting of a vacuum tank with water level recorder 
and collection line. A water supply was provided by a thousand gallon 
liquid fertilizer tank. This equipment was modified for the present 
research by hooking a sample collection station to the collection lines 
between the test area and the vacuum tank. A number 11382107 full cone 
nozzle, manufactured by Spray Engineering Company, was used at a discharge 
pressure of approximately three psl to obtain simulated rainfall inten­
sities near 9.3 cm/hr. 
To prepare for a test the plot frame was driven into the soil. 
The nozzle tower was placed over the test area with the nozzle centered 
and leveled over the plot frame. The vacuum tank was then placed near the 
site, leveled, and connected to the vacuum pump and collection line. The 
supply lines were connected to the pump and a parachute canopy was low­
ered over the nozzle frame to protect against wind effects. Soil samples 
were then taken from the area around the plot frame to a depth of one 
foot so bulk density, when feasible, and initial soil moisture could be 
computed. Other soil samples were taken at a later date so a moisture 
tension curve could be developed. A calibration pan was set over the test 
area and the spray equipment started. After the flow stabilized, the 
pressure was regulated to give the desired application rate. The rate was 
WATER SUPPLY TANK 
PRESSURE LINE 
VACUUM LINE 
VACUUM PUMP 
o INLET SCREEN 
VACUUM 
REGULATOR 
PRESSURE WATER LEVEL 
TANK / GAGE 
PRESSURE GAGE 
•5> 
0& 
NOZZLE PRESSURE 
PUMP 
:—'— 
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SPRAY _ 
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( p  c  
--f iV . 
'-O 
VACUUM GAGE 
WATER LEVEL RECORDER 
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RUNOFF 
TUBES 
RUNOFF COLLECTION TANK 
Flow Diagram 4.1. Sprinkling inflltrometer components from Powell (1967, p. 48) 
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then measured and the calibration pan removed to start the run. A 
sample of the supply water was taken for analysis to establish initial 
readings of water quality. Runoff samples were collected starting at 
the time of initial runoff and continuing on the time schedule as dis­
cussed under the experimental plan. Care was taken to fill the sample 
containers to a previously marked line to prevent overfilling and 
erroneous concentrations. 
A major difficulty was encountered in collecting bulk density 
samples. The soils tested were very dense and accurate samples of bulk 
density were extremely difficult, if not inçossible, to obtain. Also, 
since it was found that the wetting front usually did not penetrate past 
four to six inches in depth tiring the tests, bulk densities at the six 
and twelve inch intervals were only taken as time and conditions per­
mitted. 
Laboratory procedure 
After all runoff samples had been collected and frozen, they were 
transported to the laboratory, thawed and analyzed. A small part of the 
sample was poured off and centrifuged. The liquid portion was then 
analyzed for NH^-N and NO^-N in an auto-analyzer. A part of the remain­
ing liquid portion was used to determine the concentrations of PO^-P. 
Finally, the remaining part of the liquid portion was poured into evap­
orating dishes, weighed, and dried to determine the concentration of 
dissolved solids. 
While the above laboratory tests were being conducted, the main 
sample was shaken and two samples (approximately 30 ml each) were drawn 
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off by use of a syringe. These samples were placed In evaporating tins 
and the total sediment and dissolved solid concentrations determined. 
Two samples were taken from each main sample and the average concentration 
computed. After samples for sediment concentrations had been taken, a 
300 ml sample was split from the main sample and refrozen for later water 
quality analysis by Dr. L. V. Sendeleln, Earth Science. These analyses 
have not been completed for inclusion in this dissertation. 
Results of Field Test 
During the month of August 1976, a portable, single nozzle infil-
trometer was borrowed from the University of Missouri and used to gather 
infiltration and water quality data for soils typical of strip mined 
areas in southern Iowa. Along with infiltration measurements, runoff 
samples were collected and analyzed for concentrations of sediment, 
dissolved solids, NH^-N, NO^-N, and PO^-P. Specific conductance, 
temperature, and pH (when significant) were also measured. The results 
of these field tests and laboratory analysis are given in Table A1 of 
the Appendix. Results of bulk density and soil moisture measurements 
are also given in Table Al. At a later date, soil samples of each soil 
type (7.62 cm diameter by 2.54 cm depth) were taken in triplicate, and 
moisture tension functions were determined (Table A2, Appendix). 
All soils tested had been disturbed by earth moving equipment during 
the spring or summer months prior to the infiltration tests and had not been 
exposed to a freeze-thaw cycle. The soils tested were generally in a 
compacted state unless modified by a tillage treatment. The grassed 
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topsoll condition was a first year crop of sudan grass established in 
the spring by discing and broadcast seeding. All soils tested were 
actual soil conditions found at the Iowa State Coal Mine. 
Infiltration measurements 
The results of the infiltration measurements are plotted in Figs. 
4.1 to 4.6. In Fig. 4.1, run 1 produced an infiltration curve which was 
different from the curves of runs 2 and 3. The soil type and grass 
cover were similar in all three tests. Initial soil moisture varied 
between the runs with the highest value occurring for run 2. Severe 
cracking at the surface was observed before test run 1 was conducted 
which may account for the flat segment of relatively high infiltration 
rate observed during the initial thirty minutes of the run. The infiltra­
tion rate during the first three minutes of this run was limited by the 
rate of water application; then as the surface soil became wet and 
started to produce runoff, it appears that the number and size of cracks 
maintained the infiltration rate at a relatively high and nearly con­
stant rate for about thirty minutes. At this point it appears that 
either the voids due to cracking were filled with water or that the 
soil surface began to seal due to the swelling and the filling of cracks 
with sediment in the infiltrating water. Run 1 could not be completed 
beyond 115 minutes because of an approaching thunderstorm. It is felt, 
however, that the infiltration rate of run 1 would soon have leveled off 
to about the same rate as observed in the latter parts of runs 2 and 3. 
Runs 2 and 3 were conducted a week after run 1. The intense thunder­
storm which had ended run 1 essentially removed all signs of cracking 
90 
S 
tsÎJ 
s 
6 j  
BRflSSEO TOPSOIL 
RUN 1 + 
RUN 2 X 
RUN 3 % 
S 
CO 
y§ 
+ 
+ + 
+X+ 
Z 
D 
tD 
m 
- * 
iU. 
Z 
"S 
(M" 
O 
O 
X 
sr 
T 
0.00 y.00 8.00 
T I M E  ( M I N )  
T 
12.00 LG.OO 
IxLO^ ] 
20.00 
Fig. 4.1. Change of infiltration with time on grassed topsoil 
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before runs 2 and 3 were conducted. Runs 2 and 3 gave comparable results 
and tend to follow a typical Infiltration curve of a high initial value 
rapidly decaying to a much lower nearly constant final value. 
The next infiltration test was conducted on stockpiled shale which 
had been piled about two months before the tests were made. Two days 
prior to the infiltration tests sites for runs 2 and 3 were leveled by 
back blading with a bulldozer. Results are given in Fig. 4.2. All 
three runs gave about the same results. 
The third soil on which infiltration tests were conducted was an 
uatilled disturbed subsoil. Results are given in Fig. 4.3. Infiltration 
was initially higjh (near 10 cm/hr) as in previous soils tested but rapidly 
decreased to a low value (near zero) in a short period of time. This 
result was expected since the subsoil contained large amounts of clay and 
was compacted by the earth moving equipment. 
The fourth set of infiltration tests was conducted on untilled top-
soil which had been stockpiled one to two months prior to the date of 
tests. The topsoil had a high clay content and was also very light in 
color indicating very little organic matter. Prior to tests on the untilled 
topsoil, the surface was smoothed by backblading with a bulldozer. This 
backblading (shearing off high spots and filling low areas) caused 
some variation in the surface conditions in test areas which may account 
for some of the variability in the infiltration measurements plotted 
in Fig. 4.4, run 3. Infiltration for the untilled topsoil condition 
remained high for a longer period of time than for the untilled subsoil. 
Otherwise, the two soils produced about the same general curve. 
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The same soil type used for the untilled topsoil test was tilled by 
chisel plowing to an estimated depth of 30 to 45 cm and tests run thereon. 
A very rough surface condition was obtained. Results of tests on tilled 
topsoil are given in Fig. 4.5. High values of Infiltration occurred for 
the first 30 minutes for all three runs. This clearly indicates that a 
tillage treatment causing large voids can significantly increase the 
infiltration rate over that of an initial compacted state. After about 
30 minutes the infiltration rate for run 1 rapidly decreases to a much 
lower value. The infiltration rate for runs 2 and 3, however, continue 
at a high value until the completion of each run. The results of runs 2 
and 3 are questionable because it is possible that water was seeping under 
the plot frame through channels formed by the chisel plowing. It is 
interesting to note that the decay of infiltration rate for runs 2 and 3 
is linear and about the same as for the early segment of run 1 for grass 
topsoil with cracks. This may indicate that the swelling shut or filling 
of large voids in the two soil conditions occurs at the same rate 
Independent of the cause of the large voids. These results qualitatively 
indicated that tillage operation can have a large effect on infiltration 
rates. 
The final infiltration tests were made on a soil mixture resulting 
from mining with dragline equipment and leveling with a bulldozer. 
Results are given in Fig. 4.6. All three runs give good repeatability. 
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Fig, 4.6. Change of infiltration with time on soil mined with dragline 
and leveled with bulldozer 
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Measurements of pH 
Low pH in runoff can be toxic to both fish and aquatic plants. A 
report of the National Technical Advisory Committee to the Secretary of 
the Interior entitled Water Quality Criteria (1968, pp. 40, 41) gives the 
following discussion on the importance of pH as a water quality factor: 
In natural water, where the pH is in the vicinity of 8.3, 
acidity is not a factor of concern. In most productive, fresh, 
natural waters, the pH falls in the range between 6.5 and 8.5 
(except when increased by photosynthetic activity). Some aquatic 
organisms have been found to live at pH 2 and lower and others 
at pH 10 and higher; however, such organisms are relatively few. 
Some natural waters with a pH of 4 support fish and other organ­
isms. In these cases the acidity is due primarily to carbon 
dioxide and humic acids and the water has little buffering 
capacity (low total alkalinity). Other natural waters with a pH 
of 9.5 also support fish, but in such situations the waters are 
not regarded as highly productive. 
Acids that dissociate to a high degree do not appear to be 
toxic at pH values above 6.0. They are toxic if added in suf­
ficient quantities to reduce the pH to less than 6.0. Acids that 
dissociate to a low degree are often toxic at pH values consider­
ably above 6.0. In the latter condition, toxicity is due either 
to the anion or to the compound itself; e.g., hydrogen cyanide 
(HCN), hydrogen sulfide (HgS), and hypochlorous (HCIO) and tannic 
acids. 
... The nonlethal limits of pH are narrower for some fish food 
organisms than they are for fish. For example, Daphnia magna 
does not survive experimentally in water having a pH below 6.0. 
To characterize pH relationships with time in runoff water, mea­
surements of pH were made for all samples in at least one run on topsoil, 
shale, subsoil, and "reclaimed" land. Most runs produced measured values 
above 7.0 which were nearly constant with time. Runoff from shale was an 
exception as seen in Fig. 4.7 and was the only soil tested which produced 
pH levels low enough to cause damage to wildlife in streams. Fig. 4.7 
shows that pH values increase with time of runoff. Also it appears that 
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the Increase of pH with time is nonlinear, increasing at a decreasing 
rate. In part V, this data will be further analyzed to develop an 
empirical equation for use in the hydrologie model. 
Measurement of sediment concentration 
The results of sediment concentration measurements and dissolved 
solid measurements are plotted in Figs. 4.8 and 4.9 and in Figs. A1 to 
A4 of the Appendix. The measurement of sediment concentration includes 
both sediment and dissolved solids. With the exception of shale (Fig. 
4.8), the amount of dissolved solids in the runoff compared to the total 
material in runoff is small and can be neglected. Sediment concentration 
for shale varied between runs but shows a general trend of decrease with 
time. Sediment concentration for grassed top soil (Fig. 4.9) also 
decreased with time. Sediment concentration for the other soils tested 
(Figs. Â1 to A4) show much scatter in the data between runs and it is 
not possible to detect a general relationship with time. One reason for 
the observed scatter in the data between runs may be due to the small 
test area of approximately a square meter in area. The use of such a 
small test area makes the tests sensitive to local variations in soil 
surface conditions. The untilled topsoil runoff had the highest average 
sediment concentration (8407 ppm) followed by reclaimed land (7463 ppm), 
untilled subsoil (3838 ppm), shale 2556 ppm), tilled topsoil (2535 ppm) 
and grassed topsoil (1370 ppm). It is interesting to note that bare 
untilled topsoil runoff had an average sediment concentration of over six 
times that of the same soil with a grass cover. 
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Measurements of other surface water pollutants 
The concentration of NH,-N in the runoff was determined for all 4 
runs; the results are plotted in Figs. A5 to AlO in the Appendix. Con­
centrations are low (less than 0.5 ppm) for all soils with the exception 
of shale. Shale runoff (Fig. A6) had concentrations as high as 2.4 ppm 
and shows a decay trend with time. Shale runoff had the highest average 
concentration (0.80 ppm) followed by grassed topsoil (0.39 ppm), untilled 
subsoil (0.24ppm), untilled topsoil (0.13 ppm), reclaimed land (0.13 ppm), 
and tilled topsoil (0.02 ppm). 
The concentration of NO^-N in the runoff was also low (less than 
3.2 ppm) for all runs as can be seen in Figs. All to A16 in the Appendix. 
While there was scatter between concentrations measured, no detectable 
change with time was noted. Tilled topsoil runoff had the highest 
average concentration (0.83 ppm) followed by reclaimed land (0.11 ppm), 
untilled topsoil (0.06 ppm), grassed topsoil (0.04 ppm), shale (0.04 ppm), 
and untilled subsoil (0.04 ppm). 
The concentration of PC,-P in the runoff was low for all soils 4 
except shale. The results of measurements of PO^-P concentrations are 
plotted in Figs. A17 to A22 in the Appendix. With the exception of shale, 
it can be seen that all concentrations are less than 0.1 ppm. Most of the 
measured values are below 0.01 ppm and the accuracy of the laboratory 
analysis is questionable for this low range. Shale (Fig. A19) has con­
centrations up to 1.2 ppm and is the only soil showing a definite trend 
with time. 
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The objective in making measurements of NH^-N, NG^-N, and PO^-P was 
to establish levels of these potential pollutants. Concentrations of 
NH^-N, NOj-N, and PO^-P dissolved in surface runoff were generally all 
low and appear not to be a problem affecting water quality in the mining 
area of southeastern Iowa. Concentration of PO^-P and for many of 
the runs were near that of the applied water; thus trends with time could 
not be defined. 
Conclusions 
From the infiltration measurements, it appears that all soils tested, 
except when the.effects of cracking and deep tillage were evident, have 
infiltration functions which, after commencement of rainfall, rapidly 
decay to very low infiltration rates. The effect of cracking and tillage 
operations have a very significant effect on the amount of water which 
infiltrates into a soil, and may thus be an important factor in making 
management decisions. Results show that shale is the only soil tested 
which has a serious pollution potential affecting the chemistry of the 
runoff water. While runoff from shale has somewhat higher concentrations 
of NH^-N, NOJ-N, and PO^-P than runoff from other soils, pH seems to be the 
major problem. Concentrations of sediment as high as 12,000 ppm (Table 
Al) were measured and may also be a serious pollution problem. 
The field measurements indicate that surface effects are an inçort-
ant consideration in infiltration and should be included in an infiltra­
tion model. Also pH and sediment can be major pollution problems for some 
soil surface conditions and thus both should be included in a hydrologie 
model for strip mined lands. 
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PART V: MODEL DEVELOPMENT 
Introduction 
A major objective of this research as mentioned in part 1 was the 
development of a hydrologie model (land phase) for strip mine sites. The 
Iowa State Watershed Model as recently modified by Anderson (1975) was 
selected as a basic hydrologie model and modified as follows: 
1. A subroutine USÂTHC to compute unsaturated hydraulic conductivity 
from moisture tension and saturated hydraulic conductivity was added 
to the basic model of Anderson. 
2. The subroutine INFILT for computing infiltration was completely 
rewritten using the infiltration equation (2.36) derived in part 2. 
3. The subroutine RED1ST for redistribution was completely rewritten to 
allow for layered soil conditions. While this subprogram was rewritten 
it is similar in logic to the subroutine RED1ST by Anderson. 
4. A subroutine SLOSS to compute rate of soil loss and total soil loss 
for the time period modeled was added to the basic model. This 
subroutine used the soil loss equation (3.61) derived in part 3. 
5. A function pH to predict the pH of surface runoff was developed from 
the experimental data presented in part 4 and added to the basic 
model. 
Each of these changes will now be discussed. 
Estimation of Unsaturated Hydraulic Conductivity 
Unsaturated hydraulic conductivity is used in Anderson's model to 
compute water movement in the soil profile. Anderson's model required 
the input of unsaturated hydraulic conductivity data. Unfortunately 
106 
unsaturated hydraulic conductivity measurements are not easily made for 
most soils, and it is desirable to be able to compute unsaturated hydraulic 
conductivity from other soil parameters. 
The method of Millington and Quirk (1959, 1960, 1961) as modified 
by Kunze, Vehara, and Graham (1968) was used in the subroutine USÂTHC 
to compute unsaturated hydraulic conductivity from saturated hydraulic 
conductivity and moisture tension data. Kunze, Vehara, and Graham (1968, 
p. 760) use the following equation to compute unsaturated hydraulic 
conductivities : 
K 30 n , 
K(e) = -2 Z [(2j+l-2i)^] i = l,2,...n 5.1 
Ksc PBn n j=i hj 
where 
K(0)^ = calculated conductivity for a specified moisture content or 
pressure class (cm/min) 
Ks/K c^ ~ matching factor (measured saturated conductivity/calculated 
saturated conductivity) 
Y = surface tension of water (dynes/cm) 
3 p = density of water (g/cm ) 
2 g = gravitational constant (cm/sec ) 
r) = water viscosity (g/cm/sec) 
3 3 0 = water-filled porosity (cm /cm ) 
n = total number of pore classes 
h = pressure, suction or head (cm). 
They suggest that a value of 5 to 10 for n gives the best results in using 
equation 5.1. A value of 5 for n is used in the subroutine USATHC. 
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When unsaturated hydraulic conductivities are available they should 
be read in as input data. Then the subroutine USÂTHC will not be used. 
If the number of unsaturated hydraulic conductivity points to be read In 
is zero, then the program will automatically generate a table of unsatur­
ated hydraulic conductivity points for different soil moisture levels 
based on equation 5.1. 
Estimation of Infiltration 
The infiltration subroutine INFILT of the lows State Watershed Model 
was completely rewritten to use the derived infiltration equation of 
part 2. The derived equation has the advantages of being a theoretically 
based equation and includes a surface effect parameter which can be used 
to relate infiltration to variables external to the so Heater system 
such as rainfall intensity and tillage operations. When the surface 
effect parameter is set equal to zero, the equation reduces to the well-
known Green-Ampt equation. The derived equation also has the capability 
of modeling infiltration for a layered soil system such as may exist in 
reclaimed strip mine sites or clay pan soils. 
In the subroutine INFILT, the unknown constant of equation 2.36 
is first computed by dividing the inputed saturated hydraulic conductivity 
of a specified profile by the average porosity of a specified profile. 
Next a table of average capillary suction values (H^ in the derived equa­
tion 2.36) for different soil moisture conditions are computed using the 
method of Bouwer (1966) and Mein and Larson (1973). Swartzendruber (1974) 
has shown that except for sign convention the methods of Bouwer (1966) and 
Mein and Larson (1973) are the same and he gives the equation for computing 
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the average capillary suction as 
OQ 
= (1/Kg) / K ds 5.2 
o 
where 
= average capillary suction 
Kg = saturated hydraulic conductivity 
K = unsaturated hydraulic conductivity at a given moisture level, 
and 
ds = the change in capillary suction in going from one moisture 
level to another. 
Equation 5.2 was modified to make the average capillary suction a function 
of moisture content by integrating from zero to the suction associated with 
a given moisture level. This modification of completing the Integration 
only to the suction for a specified moisture level has the advantage that 
^av 80GS to zero when the soil becomes saturated. 
The subroutine SURF is called next to evaluate the surface parameter 
ES (Eg of equation 2.36). After ES is known, the maximum potential infil­
tration rate is computed and compared to the rate at which water is available 
for infiltration. The smaller of the two values is used as the actual 
infiltration rate. 
Estimation of Surface Parameter 
The subroutine SURF is used to estimate a surface parameter used in 
the derived infiltration equation. The subroutine performs three opera­
tions. First it reduces the parameter ES as a function of time since the 
last rain. This conceptually, at least, accounts for the effects of 
cracking and shrinking at the soil surface between rains. The second 
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function of the subroutine SURF reduces ES to account for tillage 
operations which leave the soil surface with large voids that allow 
surface water to move down rapidly to the depth of tillage. The third 
function of this subroutine increases the ES parameter during periods 
of rainfall due to the kinetic energy of rainfall. 
More work is needed to establish relationships between ES and soil 
and climatic variables; nevertheless the concept of using a surface 
parameter to relate surface effects to infiltration rate is logically 
sound. 
Redistribution of Moisture in the Soil Profile 
The subroutine REDIST in the Iowa State Watershed Model uses the 
Darcy one-dimensional equation to estimate the flow from one soil seg­
ment to an adjacent segment. To prevent overfilling, free drainage was 
allowed for moisture contents above 80 percent of saturation, which 
would probably be low for soil conditions found at mine sites. For 
layered soil conditions as found at reclaimed strip mine sites and clay 
pan soils, it is highly probable that the lower layer of soil contains 
large amounts of clay and would be compacted. Compacted clay soils 
usually have extremely low values of saturated hydraulic conductivity and 
can cause perched water tables to build up above these soils. Thus the 
procedure of allowing free drainage for moisture contents above 80 per­
cent saturation would be in error for a layered soil system with a dense, 
highly compacted lower layer. 
For the present research, the subroutine REDIST was rewritten using 
the Darcy one-dimensional equation for a layered soil system. Free 
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drainage is not allowed. Also as long as infiltration is limited by soil 
parameters rather than rainfall amounts, redistribution is performed only 
in soil segments below the wetted front since the infiltration subroutine 
already accounts for moisture movement above the wetted front. 
Estimation of Soil Loss 
Â subroutine SLOSS was added to the hydrologie model to predict 
both soil loss rates during a given storm and total soil loss amount 
since beginning of model run. The derived equation 3.61 of part 3 is 
used in the subroutine SLOSS. In the derived equation the effect of 
variables of slope length, slope, rainfall intensity, and fraction of 
water which runs off is defined. The factor tAiich may vary with soil 
type and time, however, is unknown. 
To find a relationship for C^, the experimental results of part 4 
were used. The measured soil loss (sediment concentration times runoff 
rate) was divided by the function of all the known factors in equation 
3.61. This gave experimental values for divided by Q2.497 since 
n was unknown, it was Included with the term to obtain an experimentally 
determined soil erodiblllty factorc The experimentally determined values 
of the soil erodiblllty factor were plotted against time for all soils 
tested. No detectable relationship was found for any of the soils 
except grassed topsoil and shale. For the grassed topsoil and shale, 
there appeared to be an exponential decay relationship with time for the 
early part of each run. This decay with time for the early part of each 
run on grassed topsoil and shale may indicate a flushing off of initially 
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loose material present when rain started. The amount of flushing would 
depend on the total volume of runoff as well as rate of runoff and it was 
expected that the erodibility factor might be more closely related to 
total runoff since the beginning of a given storm than to time. The 
experimentally determined values for the soil erodibility factor were 
thus plotted as a function of total runoff since beginning of storm. Â 
detectable relationship was observed only with grassed topsoil and shale. 
For these two soils, less scatter was observed by use of total runoff 
since beginning of storm than by use of time since beginning of storm. 
A conceptual model based on the amount of loose material at the 
surface with time between rains, and exponentially decrease of the soil 
erodibility factor with total runoff from the storm is used in the sub­
routine SLOSS. When data is not available to determine the decay rela­
tionship or if a decay relationship with total runoff of storm is not 
observed, an input of zero for the decay constant should be used. The use 
of zero for the decay constant will cause the model to use a constant soil 
erodibility factor as inputed for steady state conditions. 
Estimation of pH 
The function pH was added to the hydrologie model to predict the 
pH level of the runoff water. To obtain a relationship for pH in the 
runoff water, it. was assumed that an exponential decay function for the 
hydrogen ion concentration would apply as given in equation 5.3. 
-KT 
H = (H^ - Hg)e y + Hg 5.3 
where 
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H = hydrogen ion concentration in runoff, 
= initial hydrogen ion concentration at beginning of runoff, 
Hg = steady state hydrogen ion concentration, 
K = a decay constant, and 
TQ = total runoff since beginning of storm. 
Since the definition of pH is negative log^g of the hydrogen ion concentra­
tion, the hydrogen ion concentration can be written as 
E . 5.4 
Using the relationship of equation 5.4, equation 5.3 can be written in 
terms of pH as 
-2.3026 pH , -2.3026 pH. -2.3026 pH . -KT. ^  -2.3026 pH , . 
e =(e i-e s)e Q + e s 5.5 
Equation 5.5 can be rearranged to 
-FT 
-2.3026 pH -2.3026 pH , -2.3026 pH, -2.3026 pH . Q . , 
e ^ - e ^ s = (e *^l-e sje 5.6 
Now letting 
-2.3026 pH. -2.3026 pH . _ H = e  i - e  s  5 . 7  
o 
and taking the natural log of both sides equation 5.6 becomes 
ln(e"2'302G PH - e 2-3026 pH^^ = in H - KT 5.8 
o Q 
The experimental results of part 4 were used to define pH and T^. Values 
of 5.0, 5.5, 6.0, 6.5, and 7.0 were tried for pH^. Values for the left 
side of equation 5.8 were plotted against T^ to obtain the relationship 
given in Fig. 5.1. The least amount of scatter was observed when 7.0 was 
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Fig. 5.1. Effect of total runoff on Y (initial hydrogen ion concentration 
minus steady state hydrogen ion concentration) 
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used for pH^ which indicates that as the total amount of runoff from a 
storm gets large, the pH of the runoff will approach that of the applied 
water which for most rains is assumed to be pH = 7. The relationship 
in Fig. 5.1 was used to determine and K. 
Since H is equal to H. - H and H is now known, all variables in 
o is s 
equation 5.3 are known except H and H^. To determine a function for 
a recovery relationship was assumed as given in equation 5.9 
H, = H - (H - H )e 5.9 1 m m r 
where 
H = the maximum expected hydrogen ion concentration, 
m 
= the hydrogen ion concentration of the last runoff of the 
previous rain, 
= decay constant for recovery period, and 
t = time since previous runoff ended. 
A value of 2.5 for the pH associated with H was assumed based on unpub-in 
lished research by Dennis Struck of pE measurements in a sediment pond 
and runoff at the Iowa State Coal Mine Site. Based on discussion of 
research work with Dennis Struck, Assistant Geological Engineer at the 
Iowa State Coal Mine, it was assumed that 90 percent recovery of would 
occur after two weeks of no runoff. Based on this assumption a value of 
0.164/day was computed for K^. 
Both equations 5.3 and 5.9 were tried in the model and it was found 
that equation 5.3 produced a curve of increasing pH with time. For the 
range of experimental data as shown in Fig. 4.7 of part IV, it was found 
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that the predicted curve of pH with time increased at an increasing 
instead of decreasing rate. This result was possible because the runoff 
increased with an increasing rate with time. Equation 5.3 seemed to be 
in error because it failed to account for the reduction of hydrogen ion 
concentration with time due to the leaching by infiltration water. 
Since both Infiltration and runoff water would reduce the hydrogen ion 
concentration with time, equation 5.3 was altered by changing total 
runoff since beginning of storm to total rainfall since beginning of 
storm to give 
-K T 
H = (H^ - Hg)e f + Eg 5.10 
Equation 5.10 fitted the data better than equation 5.3. 
The function pH uses both equations 5.10 and 5.9 to estimate pH in 
the runoff. When pH is not a function of total runoff as for most soils, 
a decay constant of zero for K should be entered. A decay constant of 
zero for K will cause the steady state value of pH to be used. 
Comparison of Model Predictions with Field Measurements 
The developed components for hydrologie model were tested on top-
soil and shale soils. Since infiltration affects runoff, and runoff in 
turn affects other components in the developed model, the infiltration 
subroutine was tested for several surface conditions. It was found that 
the model responded to different initial moisture conditions. Also, it was 
found that predicted infiltration and measured infiltration have the same 
general trend of decreasing with time as shown in Fig. 5.2 for untllled 
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topsoll. Input parameters required to make this prediction Included 
moisture tension data, saturated hydraulic conductivity, porosity of 
soil profile, and Initial soil moisture distribution for run 1. 
The model was tried next on grassed topsoll with input moisture 
data corresponding to that of run 2. The same value of saturated 
hydraulic conductivity (1.0 cm/hr obtained by trial and error) was used 
as in the prediction of infiltration rate for untilled topsoll. Results 
of this run are shown in Fig. 5.3. To Include tillage effects, an input 
parameter of estimated tillage depth Is required. Severe cracking at 
the surface is also Included by inputing an estimated depth of cracking. 
Run 1 for grassed topsoll was modeled by an input depth of cracking of 
6.0 inches. The results of this run are given in Fig, 5.4. More scatter 
is observed with this run; however, the run does indicate that the model 
can respond to surface effects. 
The model was tried next on tilled topsoll with input moisture data 
corresponding to that of run 2, and an input tillage depth of 15.0 
Inches. Results are plotted in Fig. 5.5. 
A final test of the model was made on shale. Input moisture data 
corresponding to run 2 was used. Results are plotted in Fig. 5.6. The 
value for saturated hydraulic conductivity used in this prediction was 
0.2 cm/hr. The predicted pH curve for this run is plotted in Fig. 5.7. 
There is scatter between the predicted and measured results; however, the 
run does indicate that the model can predict pH for the purpose of 
making management decisions at coal mine sites. 
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The model also gave a reasonable prediction of soil loss in the test 
runs. Results for untilled topsoil run 1 and grassed topsoil run 2 are 
plotted in Figs. 5.8 and 5.9 respectively. 
A flow chart, printout, and sample output for the computed model is 
given in Appendix B, C, and D, respectively. 
General Conclusions and Recommendations for 
Management of Strip Mine Sites 
Based on the comparison of predicted values with measured values of 
infiltration rate, pH, and soil loss in Figs. 5.2 to 5.9, it appears that 
the developed hydrologie model can satisfactorily model hydrologie events. 
The developed Infiltration subroutine requires the input of a moisture 
tension curve, saturated hydraulic conductivity, and initial moisture 
content of soil profile all of which are input requirements for the sub­
routine for moisture redistribution. Thus, the developed model requires 
less input information to predict infiltration rate than does the model 
of Anderson (1975). In addition to the predicted hydrologie information 
which Anderson's model gives, the present model predicts present rate of 
soil loss, total soil loss for period of run and pH of runoff water with 
time. It is felt that the developed model with additional development 
can be a useful tool in the management of strip mine areas. 
From the experimental results and model runs, it appears that runoff 
from acid producing shale will be low in pH except after periods of high 
runoff (5.0 inches or more). Thus, it is recommended that the area of 
exposed shale be kept at a minimum during mining operations. After 
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mining is completed, it is recommended that all acid-producing shale be 
covered with nonacid-producing soil. 
Based on the experimental results, it is recommended that soil 
tillage operations be used in the management of row crop production to 
Increase the infiltration potential and thus the water storage capacity 
of the soil. This last recommendation would be most Important in drought 
years when moisture storage is critical. 
Suggestions for Further Research 
The accuracy of the developed model for predicting infiltration is 
dependent on determining the correct value for saturated hydraulic 
conductivity. At present only approximate values of saturated hydraulic 
conductivity are available for disturbed soils as tested in this 
research. Further research is needed to determine saturated hydraulic 
conductivity values for soils found at strip mine sites in southeastern 
Iowa. 
The present model Includes a surface parameter to relate infiltration 
to kinetic energy of rainfall and depth of tillage. Further research Is 
needed to relate infiltration to cracking and other conditions which 
would affect the surface parameter. 
The present model predicts pH of runoff. Since most soils, other 
than acid producing shales, produce runoff which is above pH 6, it may be 
possible to neutralize or dilute the acid runoff of shale areas to an 
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acceptable level with runoff from other soils. For this procedure to 
work, the amount of acid runoff must not exceed the neutralizing and 
diluting capability of runoff from surrounding areas. Further research 
is needed to expand the present model to route runoff from different 
soils and predict the pH at the final discharge point. A model of this 
capability would be a useful management tool in planning strip mining 
operations where the exposure of some acid producing material is usually 
unavoidable during mining operations. 
The present model also does not Include the effects of snow melt 
on runoff and moisture movement in the soil profile. Additional research 
is needed to add this capability to the model. 
The objective of this research was to develop a hydrologie model for 
strip mined lands, but did not include calibration and verification, 
except to include how model responds and relates to field test data. 
Calibration of the present model has been based on limited experimental 
data collected during the month of August, 1976 and additional data and 
model runs are needed to calibrate and further verify model predictions. 
127b 
LITERATURE CITED 
Adams, J. E., Don Klrkham, and W. H. Scholtes. 1958. Soil erodlblllty 
and other physical properties of some Iowa soils. Iowa State College, 
Journal of Science 32(4):485-540. 
Anderson, C. E. 1975. A water balance model for agricultural watersheds 
on deep loess soils. Unpublished Ph.D. Dissertation, Kansas State 
University, Manhattan, Kansas. 
Baver, L. D. 1956. Soil physics. Third edition. John Wiley and Sons, 
New York. 
Bertrand, A. R. and J. F. Parr. 1961. Design and operation of Purdue 
sprinkling infiltrometer. Purdue University Agricultural Experiment 
Station Research Bulletin No. 723. 
Bouwer, H. 1964. Unsaturated flow in groundwater hydraulics. J. 
Hydraul. Div. Amer. Soc. Civil Eng. 90(HY 5):121-144. 
Bouwer, H. 1966. Rapid field measurements of air entry value and 
hydraulic conductivity of soil as significant parameters in flow 
system analysis. Water Resources Research 2(4):729-738. 
Bouwer, H. 1969. Calculating infiltration into non-uniform soil 
with the Green and Ampt approach. Paper presented at the Winter 
Meeting, Amer. Soc. of Agr. Eng., Chicago, Illinois. 
Browning, G. M., C. L. Parish, and John Glass. 1947. A method for 
determining the use and limitations of rotation and conservation 
practices in the control of soil erosion in Iowa. J. Amer. Soc. 
Agron. 39:65-73. 
Campbell, K. L. and H. P. Johnson. 1975. Hydrologie simulation of water­
sheds with artificial drainage. Water Resources Research 11 (1): 
120-126. 
Chow, Ven Te. 1959. Open-channel hydraulics. McGraw-Hill Book Company. 
New York. 
Crawford, N. H. and R. K. Linsley. 1966. Digital simulation in hydro­
logy - Stanford University Model IV. Dept. of Civil Eng., Stanford 
University, Palo Alto, Calif. Tech. Paper No. 39. 
David, W. P. and C. E. Beer. 1975. Simulation of sheet erosion. Part I. 
Development of a mathematical erosion model. Trans. Am. Soc. Agr. 
Eng. 18(1):126-129, 133. 
127c 
DeBoer, D. W., and H. P. Johnson. 1971. Simulation of runoff from de­
pression characterized watersheds. Trans. Am. Soc. Agr. Eng. 14 
(4);615-620. 
Delleur, J. W. 1971. Relevant future hydrologie research areas. Page 
462. In Systems approach to hydrology - Proc. First Bilateral U.S. 
- Japan Seminar In Hydrology. Water Resources Pub., Fort Collins, 
Colorado. 
Dixon, R. M. and A. E. Peterson. 1964. Construction and operation of a 
modified spray Infiltrometer and flood Infiltrometer. Wisconsin 
Agricultural Experiment Station Research Report No. 15. 
Donlglan, A. S., Jr. and N. H. Crawford. 1976. Modeling pesticides and 
nutrients on agricultural lands. Environmental Research Laboratory 
Office of Research and Development, U.S. Environmental Protection 
Agency, Athens, Georgia, EPA-600/2-76-043. 
Ekern, P. C. 1950. Raindrop intact as the force initiating soil 
erosion. Soil Scl. Soc. Am. 15:7-10. 
Ekem, P. C. 1953. Problems of raindrop liiq)act erosion. Agr. Eng. 
34:23-25, 28. 
Ellison, W. D. 1944. Studies of raindrop erosion. Agr. Eng. 25: 
131-136, 181-182. 
Ellison, W. D. 1945. Some effects of raindrops and surface-flow on 
soil erosion and infiltration. Trans. Am. Geophy. Union 26:415-429. 
Ellison, W. D. 1947. Soil erosion studies - Part I. Agr. Eng. 28: 
145-146. 
Fok, 7. S. 1975. A con^arison of the Green-Asçt and Philip Two-Term 
infiltration equations. Trans. Am. Soc. Agr. Eng. 18(6):1073-1075. 
Foster, R. L. and G. L. Martin. 1969. Effect of unit weight and slope 
on soil erosion. J. Irrigation and Drainage Div. Amer. Soc. Civil 
Eng. 95(IR 4):551-561. 
Grassman, P., H. Sawlstowski, and R. Hardbottle. 1971. Physical prin­
ciples of chemical engineering. Pergamon Press, New York. 
Green, W. H. and C. A. Ampt. 1911. Studies on soil physics. 1, Flow of 
air and water through soils. J. Agr. Sci. 4:1-24., 
Haan, C. T. and H. P. Johnson. 1968. Hydraulic model of runoff from 
depressional areas. Part I. General considerations. Trans. Am. 
Soc. Agr. Eng. 11(3):364-367. 
12 7d 
Holtan, H. N. 1961. A concept for Infiltration estimates In watershed 
engineering. USDA Agricultural Research Service ARS 41-51. 
Holton, H. N., C. B. England, V. 0. Shanholtz. 1967. Concepts In 
hydrologie soil grouping. Trans. Am. Soc. Agr. Eng. 10(3):407-410. 
Horton, R. E. 1933. The role of infiltration in the hydrologie cycle. 
Trans. 14th Annual meeting Am. Geophys. Union 14:446-460. 
Horton, R. E. 1939. Analysis of runoff-plot experiments with varying 
infiltration-capacity. Trans. Am. Geophys. Union 20:693-711. 
Horton, R. E. 1940. An approach toward a physical interpretation of 
infiltration-capacity. Soil Sci. Soc. Am. 5:399-417. 
Huggins, L. F. and E. J. Monke. 1967. A mathematical model for simulat­
ing the hydrologie response of a watershed. Water Resources Research 
4:529-539. 
Kirkham, Don, and W. L. Powers. 1972. Soil physics. John Wiley and 
Sons, New York. 
Kunze, R. J., G. Vehara, and K. Graham. 1968. Factors important in the 
calculation of hydraulic conductivity. Soil Sci. Soc. Am. 32:760-765. 
Laws, J. 0., and 0. A. Parsons. 1943. The relation of raindrop size to 
intensity. Trans. Am. Geophys. Union 23:452-459. 
Ligon, J. T. and H. P. Johnson. 1960. Infiltration capacities of Fayette 
silt loam from analysis of hydrologie data. Trans. Am. Soc. Agr. 
Eng. 3(1):36, 37. 
Mein, R. G., and C. L. Larson. 1973. Modeling infiltration during a 
steady rain. Water Resources Research 9(2):384-394. 
Meyer, L. D. 1965. Mathematical relationships governing soil erosion 
by water. J. of Soil and Water Conservation 20(4):149, 150. 
Meyer, L. D. and E. J. Monke. 1965. Mechanics of soil erosion by rain­
fall and overland flow. Trans. Am. Soc. Agr. Eng. 8(4):572-577, 580. 
Meyer, L. D., and W. H. Wischmeier. 1969. Mathematical simulation of the 
process of soil erosion by water. Trans. Am. Soc. Agr. Eng. 12(4): 
754-758, 762. 
Millington, R. J. and J. P. Quirk. 1959. Permeability of porous media. 
Nature 183-387-388. 
Millington, R. J. and J. P. Quirk. 1960. Transport in porous media. 
Int. Congr. Soil Sci. Trans. 7th (Madison, Wis.) 3:97-106. 
127e 
Mllllngton, R. J. and J. P. Quirk. 1961. Permeability of porous solids. 
Trans. Faraday Soc. 57:1,200-1,207. 
Morel-Seytoux, H. J. and J. Khanji. 1974. Derivation of an equation of 
infiltration. Water Resources Research 10(4):795-780. 
tùisgrave, C. W. 1947. Quantitative evaluation of factors in water 
erosion, a first approximation. J. Soil and Water Conservation 
2(3):133-138. 
Mutchler, C. K., and R. A. Young. 1975. Soil detachment by raindrops. 
Present and Prospective Technology of Predicting Sediment Yields 
and Sources. ARS-S-40:133-117. 
Neuman, S. P. 1976. Wetting front pressure head in the infiltration 
model of Green and Ampt. Water Resources Research 12(3):564-566. 
Palmer, R. S. 1965. Waterdrop impact forces. Trans. Am. Soc. of Agr. 
Eng. 8(1):69, 70, 72. 
Philip, J. R. 1955. Numerical solution of equations of the diffusion 
type with diffusivity concentration-denepdent. Trans. Faraday Soc. 
51:885-892. 
Philip, J. R. 1957a. Numerical solutions of equations fo the diffusion 
type with diffusivity concentration dependent. II. Australian 
J. Phys. 10:29-42. 
Philip, J. R. 1957b. The theory of infiltration. 1. The infiltration 
equation and its solution. Soil Sci. 83:345-357. 
Philip, J. R. 1957c. The theory of infiltration. 2. The profile at 
infinity. Soil Sci. 83:435-448. 
Philip, J. R. 1957d. The theory of infiltration. 3. Moisture profiles 
and relation to experiment. Soil Sci. 84:163-178. 
Philip, J. R. 1957e. The theory of infiltration. 4. Sorptivity and 
algebraic infiltration equations. Soil Sci. 84:257-264. 
Philip, J. R. 1957f. The theory of infiltration. 5. The Influence 
of the initial moisture content. Soil Sci. 84:329-339. 
Philip, J. R. 1958. The theory of infiltration. 6. Effect of water 
depth over soil. Soil Sci. 85:278-286. 
Powell, G. M. 1967. Effects of erosion on water infiltration rates. 
Unpublished M.S. thesis. University of Missouri, Columbia. 
127f 
Saxton, K. E.» H. P. Johnson and R. H. Shaw. 1974. Modeling évapo­
transpiration and soil moisture. Trans. Am. Soc. Agr. Eng. 17 
(4) .-673-677. 
Schwab, G. 0., R. K. Frevert, T. W. Edmlnlster, and K. K. Barnes. 1966. 
Soil and water conservation engineering. John Wiley and Sons, Inc., 
New York. 
Skaggs, R. W., L. E. Huggins, E. J. Monke, and G. R. Foster. 1969. 
Experimental evaluation of infiltration equations. Trans. Am. Soc. 
Ag. Eng. 12(6):822-828. 
Smith, R. E. 1975. Comments on 'Derivation of an equation of infiltra­
tion' by H. J. Morel-Seytoux and J. Khanji. Water Resources Research 
11(5):762. 
Streeter, V. L. 1971. Fluid mechanics. McGraw-Hill Book Company, 
New York. 
Swartzendruber, D. 1974. Comments on modeling infiltration during a 
steady rain by Russell G. Meln and Curtis L. Larson. Water Resources 
Research 10(4):888. 
Swartzendruber, D., and E. G. Youngs. 1974. Note a comparison of 
physically-based infiltration equations. Soil Sci. 117:165-167. 
Water Quality Criteria. 1968. Report of the National Technical Advisory 
Committee to the Secretary of Interior, Washington, D. C. 
Whisler, F. D., and H. Bouwer. 1970. Comparison of methods of calculat­
ing vertical drainage and infiltration for soils. J. Hydrol. 10 
(1):1-19. 
Wischmeier, W. H. 1959. A rainfall erosion index for a universal soil-
loss equation. Soil Sci. Soc. Am. Proc. 23:246-249. 
Wischmeier, W. H. 1960. Cropping-management factor evaluations for a 
universal soil-loss equation. Soil Sci. Soc. Am. Proc. 24:322-326. 
Wischmeier, W. H. 1962. Rainfall erosion potential. Agr. Eng. 43: 
212-215. 
Wischmeier, W. H. 1976. Use and misuse of the universal soil loss equa­
tion. J. Soil and Water Conservation 31(1):5-9. 
Wischmeier, W. H. and D. D. Smith. 1965. Predicting rainfall-erosion 
losses from cropland east of the Rocky Mountains. ARS U.S. Dept. 
of Agriculture Handbook No. 282. 
127g 
Wlschmeler, W. H., and D. D. Smith. 1958. Rainfall energy and its rela­
tionship to soil loss. Trans. Amer. Geophys. Union 39:285-291. 
Zingg, A. W. 1940. Degree and length of land slope as it affects soil 
loss in runoff. Agr. Eng. 21:59-64. 
127h 
ACKNOWLEDGMENTS 
The author wishes to express his appreciation to his major 
professors. Dr. Howard P. Johnson and Dr. Don Klrkham for assiduously 
offering their assistance In all phases of this study. 
Appreciation Is also expressed to Dr. Craig E. Beer, Dr. Merwln D. 
Dougal, and Dr. Robert H. Shaw for their patience and guidance In serving 
on the author's committee. 
Thanks are expressed to the Departments of Agricultural Engineering 
and Agronomy for financial assistance in this work which was supported 
in part by a CSRS Special Grant No. 684-15-2 under the Mlneland Reclama­
tion Research Program. 
Thanks are expressed to Dr. C. Leroy Day and the University of 
Missouri for loan of rainfall simulation equipment and to Tom England and 
the Iowa Power and Light Coiiq>any for providing water for the rainfall 
simulation. 
Thanks are also expressed to Dr. Stanley Henning, Thomas Colvin, 
Doug Hertz, and Lyle Prunty for their aid in running field tests and to 
Diane Johanson, Nancy Rasmussen, and Jim Baker for their aid in analysis 
of nutrients in water samples. 
Appreciation is also expressed to the many other members of the 
Agricultural Engineering and Agronony departments for their suggestions 
and help. 
Finally, appreciation is expressed to my wife and children for their 
patience and love during the completion of this work. 
128 
APPENDIX A: EXPERIMENTAL RESULTS 
This Appendix provides a listing of experimental results and plots 
of experimental results not included in main text. Symbols used in 
Table A1 are defined as follows: 
Symbol 
TIME 
INFL. RATE 
SED. CONC. 
DIS. SOLIDS 
NH,-N CONC. 4 
NOg-N CONC. 
PO,-P CONC. 4 
SPEC. COND. 
TEMP. 
PH 
B.D. 
H2O 
VOL. 
WT 
Definition 
Time since beginning of rain in minutes 
Infiltration rate in cm/hr 
Sediment concentration in ppm 
Dissolved solids In ppm 
NH^-N concentration in ppm 
NOg-N concentration in ppm 
PO^-P concentration in ppm 
Specific conductance in ppm of sodium 
chloride 
Temperature in degrees C 
pH of runoff water 
Bulk density g/cc 
Water content 
Volume 
Weight 
TABLE Al, RESULTS CF MEASUREMENTS IN THE FIELD ANC LABORATCRV 
TI ME 
MI N. 
INFL. 
RATE 
CM/HR 
SED. 
CONC . 
PPM 
DIS. 
SOLIDS 
PPM 
NH4-N N03-N PC4-P 
CONC. CONC. CONC. 
PPM PPM PPM 
SPEC. 
CCNO. 
PPM NACL 
TE>»P. 
DEC. 
C 
PH 
ORASSEC TOPSOIL - FIRST RUN 
3.20 8.89 
6.47 8.27 2666 . 331 . 48 . 33.3 7.CO 
13.16 8.28 1 562. 47. 34 . 32.2 7.00 
19.21 8.11 1 353 . 70. 31 . 32.2 7.00 
24.39 8.00 1 155. 35. 20 . 32.2 7.0C 
26.9 1 e.i5 861 . 36. 26 . 32 .2 7.50 
34.66 7.85 886 . 60 . 24 . 32.2 7.40 
38.4 e 7.66 778. 40 . 23. 31 .7 7.3C 
41 .74 7.49 69 3. 58. 22. 3 1.1 7.30 
4 4.39 7. 00 600 . 24 . 22 . 31.1 7.00 
46.76 7.17 537. 31 . 22 . 31.1 7.10 
50.59 6.79 450 . 37. 21 . 31.1 7.20 
95.39 3.3 1 334 . 17. 19 . 29.4 7.20 
115.00 2.08 298. 30. Z 1 . 28.3 
to 
vo 
RAINFALL V»AS APPLIED AT 8.89 CM/HR 
SURFACE BEFORE TEST : B.D.= 
15 CM DEPTH BEFORE TEST : B.D.= 
30 CM DEPTH BEFORE TEST : B.D.= 
1.48 G/CC; H20= 32.4X VOL.. 21.WT. 
1.62 G/CC; H20= 30.7X VOL.. 16.9% 
1 .69 G/CC; H20= 33.2X VOL., 19.CX 
tiT 
l»T 
SURFACE AFTER TEST: B.D.= 1.41 G/CC: H20= 36.3X VOL.. 25.BX WT. 
T AGL^: Al . (CONTINUEO) 
TI WE INFL. SEO. DIS. NH4-N 
MIN, RATE CONG. SOLIDS CONG. 
CM/HR PPM PPM PPk 
N03-N P04-P SPEC. TEKP. PH 
CONC. GONG. GCND. DEC. 
PPM PPM PPM KACL G 
GRASSED TOPSCIL - SEGCNO RUN 
3.30 10.19 
5.?8 6.71 4939. S3. 0.48 0.19 0.000 46 . 28.3 7.11 
10.26 2.54 1 784. 45. C.40 0.07 0,002 31 . 27.2 7,11 
1 5.23 1 .88 1 266. 106. 0,41 0 .05 0.0C6 28. 27.2 7,1 1 
20.20 0. 97 1 640 . 91 . 0 .45 0 .05 0,006 27. 26 .7 7,11 
25.20 0. 96 1 27 1 . 112. 0.42 0 ,0C 0,015 26 . 26 .7 7,10 
30.20 0.51 1 079. 54 . 0 .43 0 .04 0,010 26. 26 .7 7,10 
40. 2 1 0.95 I 190 . 36. 0.43 0 .04 C,019 25 . 2 6 .9 7,10 
5 0 . 2 C 0.75 1042. 55 . 0.4 1 0 .04 0,026 24. 26 .9 7,09 
60.20 -0. 05 858 . 950. 0,46 0 .00 0 ,095 24 . 27.2 7.05 
SUPPLY WATER SAMPLE 
77 . 390 . C.60 
O
 
o
 
O
 0.010 22 . 85 .0 7.17 
RAINFALL WAS APPLIED AT 10.19 CM/HP 
SURFACE BEFORE TEST : 8.0.= 1.36 G/CC. H2C= 40.CX VOL.. 29.0% HT. 
1*5 CM DEPTH BEFORE TEST : H20= 20 .7% *T. 
30 CV DEPTH BEFORE TEST : H2C= 18.7% WT. 
SURFACE AFTER TEST: B.D.= 1.26 G / C C i  H20= 42.3% VOL.# 33.5% teT. 
15 CM DEPTH AFTER TEST : H20= 18.9% MT. 
.10 CM DEPTH AFTER TEST : H20= 20.3% WT. 
TABLE Al. (CONTINUED) 
TI ME I NFL. SED. DIS. M-'4 —N N0 3-N P04-P SPEC. TENP. PH 
MI N. RATE CONC . SOLIDS CCNC. CONC. CONC. CCNC. DEC. 
CM/HR PPM PPM PPM PPM PPM PPM NACL C 
GRAS SEC TOPSCIL - THIRD RUN 
2.CO 9.4 1 
3.4 8 5.40 2266. 60. 0.26 0.00 0.C06 28 . 25.6 7.26 00 o
 
<
 1 756. 45. 0.29 0 .04 0. OCC 25 . 25.6 7.25 
10.24 1.81 1 556. 33. 0.30 0 .CO 0.014 23 . 25.6 7.27 
15.24 1.13 1716. 40 . 0 .32 0 .03 0.C33 23 . 25.0 7.25 
20.24 1 . 06 I 503. 41 . 0. 34 0 .00 0.034 22. 26.0 7.24 
25.22 0.31 1613. 47. 0.38 0 .04 0.031 24 . 25.0 7.25 
30.22 0.72 1548. 99 . 0.39 0 .04 0.023 24. 25 .0 7.25 
4C.22 0.40 1 755. 36 . 0.36 0 .04 0 .029 23 . 24 .4 7.25 
60.2 1 0.05 1 529. 30. 0.41 0 .04 0.027 24 . 24 .4 7.25 
SUPPLY WATER SAMPLE 
76. 29 . 0 .62 0 .00 0 . 006 24 . 78 .0 7.25 
RAINFALL WAS APPLIED AT 9.41 CM/HK 
SURFACE BEFORE TEST : B.C.= I.A3 G/CC: H20= 23.4X VOL.. 16.4* »T. 
15 CM DEPTH BEFORE TEST : H20= 17.6% WT. 
30 CM DEPTH BEFORE TEST : H20= 15.8% WT. 
SURFACE AFTER TEST: B.D.= 1.37 G/CC; H20= 39.1% VOL.. 28.6% *T. 
15 CM DEPTH AFTER TEST : H20= 18.4* WT. 
TA3LH Al. (CONTINUED) 
TI ME I NFL . SED. CIS. NH4-N NO 3-N P04-P SPEC. TEMP. PH 
MIN. RATE CONC . SOLIDS CONC . CONC. CONC. CCNC . DEC. 
CM/HR PPM PPM PPM PPM PPM PPM NACL C 
SHALE - FIRST RUN 
3.50 a.75 
4.24 6. 06 4025. 2271 . 2.40 0 .20 1.2 11 13CC . 25 .6 3.10 
10.47 4.44 2 160. 1 1 52. 1.05 0.11 0.260 74C . ?e .7 3.20 
1 5.15 3. 12 1505. 73 7. 0.98 0 .10 0. 13C 46C . 26 .7 3.30 
20.29 2.00 1 072. 451 . 0.85 0 . 06 0.022 360. 25 .6 3.40 
25.27 1 .59 971 . 32 3. 0.80 0 .06 0 .0C2 260 . 25 .6 3.50 
30.27 1.49 890 . 152. 0.78 0.04 0 .OOC 24C . 26 .7 3.60 
40.35 0.89 905. 1 57. 0.73 0 .04 0 .CCI 1 eo. 27.2 2 .80 
SUPPLY WATER SAMPLE 
69 . 27. 0.63 0.03 0 .004 3C. 78.0 7.50 
RAINFALL WAS APPLIED AT 8.75 CM/HR 
SURFACE BEFORE TEST : B.0.= 1.27 G / C C i  H20= 13.6* VOL.. 10.7% *T. 
15 CM DEPTH BEFORE TEST : B.0.= 1.19 G/CC: F20= 15.1% VOL. # 12.7* WT 
SURFACE AFTER TEST: B.D.= 1.29 G/CC: H20= 36.9% VOL.. 28.6* WT. 
15 CM DEPTH AFTER TEST : H20= 16.1% WT. 
TABLE Al. (CONTINUED) 
DIS. NH4-N N03-N P04-P SPEC. TEMP. PM 
SCL ins CONC. CONC. CCNC. CCNC. OEG. 
PPM PPM PPM PPy FPM NACL C 
SHALE - SECOND RUN 
3. 75 9.52 
5. 1 7 3.95 4564. 11 32. 1 .CO 0 .07 0.773 720. 31 .1 2.10 
10.31 3.25 2519 . 534. 0.76 0 .05 0.052 43C • 31.1 2.20 
15.30 2.87 2473. 366. 0.69 0.00 0.005 3 10. 30 .6 3.40 
20.29 2.40 2471 . 1 05. 0.67 0 .04 O.OCC 240. 30.3 2.55 
25.26 1 .80 2243. 299. 0.66 0 .00 0 .004 220 . 3C.0 2.70 
30. 0.91 1 527. 211. C.64 0 .OC C.OOC 1 90 . 30.0 2.80 
40.2 3 0.70 1 631 . 128. 0.63 0.03 0.000 1 40 « 30 .0 4.00 
50..? a 1 .73 1 109. 152. 0.66 0 .03 0 .000 1 20 . 3C .6 4.10 
60.24 0.60 1 163. 163. C.75 0.00 0.004 £8. 3C.6 4.30 
70.20 — 0.41 1 144. 166. 0 .63 0 .OC 0 .004 62. 30.6 4.45 
SUPPLY WATER SAffPLE 
41 . 21 . 0.66 O
 
.
 
O
 
0.011 35 . 88.0 7.80 
RAINFALL VkAS APPLIED AT 9.52 CM/HR 
SURFACE BEFORE TEST : 8.0.= 1.68 G/CC: H2C= 14.3% VCL.. 8.5X »T. 
15 CM DEPTH BEFORE TEST : H20= 11.6* WT. 
TlME INFL. SED. 
MIN. RATE CONC. 
CM/HR PPM 
SURFACE AFTER TEST: B.D.= 1.27 G/CC: H20= 36.6% VOL.* 28.8* WT. 
TABLE Al. (CONTINUED) 
TI ME INFL. BED . CIS. NH4-N N03-N P04-P SPEC. TEMF. FH 
WIN. RATE CONG . SOLIDS CONG. CONG. CONG. CCNC. DEC. 
CM/HR PPM PPM PPM PPM PPM PPM NACL G 
SHALE - THIRD RUN 
5.30 10.50 
7.42 6.82 7234. 1452. 0.82 0 .04 1 . 154 760 . 29.4 2.95 
10.32 4.36 4176. 671 . 0.73 0 .03 0.262 S4C . 29.4 2.00 
1 5.2 6 2.58 4543. 372. 0.69 0 .03 0.035 360 . 29 .2 3.15 
20.26 2.66 3148. 378. C.66 0 .00 0.001 31C. 26.9 3.20 
25.2 3 1 .43 2308. 283. 0.68 0 .00 0. 000 27C. 26 .6 3.30 
30.2 1 1.38 3456. 226. 0.64 0 .00 0 .006 24C. 28 .3 2.40 
40.19 0.27 241 7. 217. 0.64 0 .04 0. 000 210. 26.3 3.50 
50.1 e -0.33 3381 . 1 30 . 0.67 0 .00 0 .000 2CC. 28.3 2.55 
60.20 -0. 13 3246. 145. C.62 0.01 0 .OCC 170. 27.8 3.65 
SUPPLY W ATER SAMPLE 
34 . 28. 0.63 0 .03 0.014 27 . 84 .0 7.50 
RA INF ALL WAS APPLIED AT 10.50 CM/HR 
SURFACE AFTER TEST; 8.0 .= I .32 G/CC ; H20 = 41.1% VOL.• 31. 1% MT. 
15 CM DEPTH AFTER TEST : H2C= 10. 9% MT. 
TABLE Al, (CONTINUED) 
TIME INFL. SED. OIS. NH4-K N03-N P04-P SPEC. iei»P. PH 
MIN. RATE CONC. SOLIDS CONC. CONC. CONC. CChC. DEC. 
CM/HR PPM PPM PPM PPM PPN PP»* N^CL C 
UNTILLED SUBSOIL - FIRST RUN 
2.0C 8.75 
3.41 3.05 3794. 
5.31 2. 32 3825. 
1 0.23 0. 1 1 2779. 
15.23 0.29 2807. 
20.23 0.14 2784. 
25.24 0.71 3522. 
30.24 0.75 5735. 
40.24 0.24 3758. 
50.24 0.52 2908. 
60.25 0.36 2176. 
52 . 0.27 0 .08 0.014 
45. 0.25 0 .04 0.002 
47. 0.37 0 .08 0.000 
61 . 0.28 0 .03 0.002 
31 • 0.31 0 • 03 0.010 
49. 0.26 0 .03 0.026 
37. 0.27 0 .02 0.005 
27. 0.32 0 .03 0.017 
32. 0.29 0 .02 0.004 
20. 0.32 0 .02 0 .004 
SUPPLY WATER SAMPLE 
2 3 .  2 1 .  0 . 6 6  0 . 0 1  0 . 0 0 8  
37. 27 .2 6.75 
27. 27 .2 6.90 
25 . 26 .7 7.05 
24. 27 .2 7.20 
23. 27 .2 7.10 
23. 27 .2 7.20 
22. 27 .2 7.20 
22. 27 .2 7.20 
22. 27 .8 7.20 
22. 27 .8 7.20 
25. 81 .0 7.80 
Ln 
RAINFALL WAS APPLIED AT 8.75 CM/HR 
SURFACE BEFORE TE ST : 8.D.= 1.74 G/CC; H20= 12.OX VOL.* 6.9X WT. 
15 CM DEPTH BEFORE TEST: H2C= 15.7% WT. 
30 CM DEPTH BEFORE TEST : H2C= 14.1% *T. 
SURFACE AFTER TEST: B.0.= 1.62 C/CC: H20= 35.4% VOL.. 21.9X WT. 
15 CM DEPTH AFTER TEST : H20= 11.3X WT. 
TABLE Al. (CONTINUED) 
TIME INFL. SED. DIS. NH4-N N03-N P04-P SPEC. TEMF. PH 
MIN. RATE CONC . SOLIDS CONC . CONC. CONC. CONO. DEC. 
CM/HR PPM PPM PPM PPM PPM PPM NACL C 
UNTILLED SUBSOIL - SECCND RUN 
2.33 9.76 
1.1 3 7.32 3901 . 26. 0.19 0 .08 O.CCO 30. 3C.0 
5.54 6.07 3626. 46. 0.12 0 .05 0.000 24 . 30.6 
10.30 3.07 51 38. 46. 0.10 0 .03 0.001 24. 2S.4 
15.27 2.40 4986. 26. 0.14 0 .05 0.005 23. 29.4 
20.25 1 .89 5424. 61 . 0.14 0 .03 0.002 22. 28.9 
25.23 1 .04 6714. 39. 0.15 0 .03 0.005 22. 29.4 
30.24 0. 37 8405. 47. 0.22 0 .03 0.001 22 . 29.4 
SUPPLY WATER SAMPLE 
29. 
.
 
00 (M 
0.60 
o
 
•
 
o
 0.005 25. 86.0 
RAINFALL WAS APPLIED AT 9.76 CM/HR 
SURFACE BEFORE TEST : B.D . = 1.78 G/CC; H20= 20 .6% VOL.. 11 .6* »T. 
SURFACE AFTER TEST: B»D.= 1.66 G/CC: H20= 37. 0% VCL., 22.3X \»T. 
15 CM DEPTH AFTER TEST: H20= 16.1% WT. 
TABLE Al. (CONTINUED) 
TIME INFL. SEO. DIS. hH4-N K03-N P04-P SPEC. TENP. PH 
MIN. RATE CONC. SCLIOS CONC. CONC. CONC. CChC. DEC. 
CM/HR PPM PPM PPM PPM PPM PPM NACL C 
UNTILLEO SUBSOIL - THIRD RUN 
4.25 8.83 
30.0 5.73 3.35 2324. 45. 0.25 0.08 0.007 26. 
10.28 1.62 2207. 42. 0.23 0 .04 0 .002 23. 3C.6 
15.26 0.94 2891 . 39. 0.00 0.03 0.002 22. 30.0 
20.24 0.37 2705. 30 . 0.31 0 .03 0.0C6 23 . 30.0 
25.24 0.33 2393. 43. 0.33 0 .03 0.002 23. 29.4 
30.23 0.07 3488. 40. 0.34 0 .03 0.002 23. 29.4 
RAINFALL WAS APPLIED AT 8.83 CM/HR 
TABLE Al. (CONTINUED) 
TIME I NFL. SEO. DIS. NH4-N N0 3-N P04-P SPEC. TE*P. PH 
MIN. RATE CONC . SOLIDS CONC. CONC. CONC. CChC. DEC. 
CM/HR PPM PPM PPM PPM PPM PPM hACL C 
UNTILLEO TOPSCIL - FIRST RUN 
3. 83 9.78 7.50 5. 08 3.37 10 169. 71 . 0.05 0.09 0 .008 28. 29.4 
10. 27 2.96 9206. 51 . 0.11 0 .03 0.010 27. 29.4 7.40 
15. 24 I .85 9939. 55. 0.13 0 .02 0.004 27. 26.3 7.40 
20. 2 1 0.97 13264. 41 . 0.16 0.02 0.008 27. 27.8 7.40 
25. 1 8 0.02 11230. 39. 0.12 0.02 0.005 27. 27.6 7.40 
SUPPLY WATER SAMPLE 
1 18. 8. 0.67 0 .03 0.0C3 32. 67.0 7.60 
RAINFALL WAS APPLIED AT 9.78 CM/HR 
SURFACE BEFORE TEST: B.0.= 1.4C G / C C l  H2G= 8.3% VOL., 5.9% WT . 
15 CM DEPTH BEFORE TEST: 8.0.= 1.58 G/CC: H20= 30.5% VOL., 19.3% *T 
30 CM DEPTH BEFORE TEST: H2C= 22.8% WT. 
table: Al. (CONTINUED) 
TIME INFL. SED. DIS. NHA-N 
MIN. RATF. CONC. SOLIDS CQNC. 
CM/HR PPM PPM PPM 
N03-N P04-P SPEC. TEMP. PH 
CONC. CONC. CCNO. DEC. 
PPM PPM PPM NACL C 
UNTILLED TOPSCIL - SECCND PUN 
9.TO 9.55 
I 1.45 6.25 
15.44 4.89 
20.35 3.66 
25.28 2.21 
30.26 1.51 
40.25 1.24 
50.2 1 0.17 
60.21 -0.14 
80.19 0.44 
RAINFALL WAS APPLIED AT 9.55 CM/HR 
SURFACE BEFORE TEST: G.D.= 1.31 G/CC; H2C= 12.CX VOL. » 9.2X *T. 
15 CM DEPTH BEFORE TEST: 0«C.= 1.39 G/CC ; H20= 37*6% VOL.» 27.2* WT 
30 CM DEPTH BEFORE TEST: H2C= 26.9* WT. 
SURFACE AFTFR TEST: H.D.= 1.29 G/CC: H20= SO.0% VOL.» 38.8* *T • 
15 CM DEPTH AFTER TEST: H20= 36.4% WT. 
30 CM DEPTH AFTER TEST: H2C= 32.5% \*T. 
1 786. 70 . 0.14 0 .26 0.022 26 . 22.8 
2392 . 46. 0.16 0 . 1 7 C*00C 28 • 23.3 
2836 . 67. 0.16 0 • 1 0 €•014 29 • 23.2 
2753. 38. 0.18 0 • CE 0.014 32. 23.3 
2617. 74 . 0.21 0 .06 O.OCO 32 . 23.9 
3445. 78. 0.24 0 .05 0.013 32 . 24.4 
4504 . 59. C.20 0 . ce  0.015 32. 24 .4 
3862. 47 . 0.25 0 .03 0.007 30. 24 .4 
466C . 65 . 0.26 0 • 03 0 •ocg  29 . 25.0 
TAGLE Al. (CONTINUED) 
T I ME 
WIN. 
I NFL. 
RATE 
CM/HR 
SED. 
CONC 
PPM 
01 S. 
SOLIDS 
PPM 
NH4-N 
CONC. 
PPM 
N0 3-N 
CONC. 
PPM 
P04-P 
CONC. 
PPM 
SPEC. 
CCNC . 
FPV NACL 
TENF. 
DEC. 
C 
PH 
UNTILLEO TOPSOIL - TMLFIC RUN 
3.50 10.12 
4.75 3.66 13461. 70. 0.01 0 • 10 O.CII 29. 25.6 
1 0.2 3 1.09 10758. 54. 0.02 0 .05 0 .009 28. 25.6 
1 5.22 0.58 8763. 35. 0.05 0 .04 0.009 26. 26.7 
20.2 I — 0 . 02 10708. 54. 0.05 0 • 04 0.014 23. 26.7 
25.20 -0.25 1 1520. 24. C.07 0 .04 0^004 34 • 26.7 
30.20 0.28 13085. 43. 0.06 0 • 04 0^020 34 • 26.7 
40.22 0.81 14669. 38. 0.08 0 • 03 0.C09 34^ 26.3 
50.23 0.75 15593. 53. 0.13 0 .07 O.OCC 35 . 28.3 
60.24 1.14 12147. 66. 0.08 0 .04 O.OLF 36. 26.3 
SUPPLY WATER SAPPLE 
39 . 70 . 0 .65 0 .07 O.OCL 45 . 87.0 
RAINFALL WAS APPLIED AT 10.12 CM/HR 
SURFACE BEFORE TEST: A.D.= 1.45 G/CC; H20= 13.5% VOL., 9.3* *»T. 
15 CM DEPTH BEFORE TEST: B.D.= 1.55 G/CCÎ H20= 34.6% VOL.. 22.3% WT. 
30 CM DEPTH BEFORE TEST: H2C= 22.9% WT. 
SURFACE AFTER TEST: B.D.= 1.37 G / C C i  H 2 0 =  47.9% VCL., 34.9% 
15 CM DEPTH AFTER TEST: H20= 25.7% WT. 
30 CM DEPTH AFTER TEST: H20= 22.8% WT. 
TABLE Al. (CONTINUED) 
TI ME INFL. SED. DIS. NM4-N N03-N P04-P SPEC. TENF. PM 
MI N, RATE CONC . SOLIDS CONC. CONC. CONC. CCNC. DEC. 
CM/HP PPM PPM PPM PPM PP#/ FPK KACL C 
TILLED TOPSCIL - FIRST RUN 
2E.NO 8.83 
32.55 6.31 45 . 26.9 
35,4 1 3.32 233 1 . 90. O.OC 2 .50 0.070 E 1 • 26.3 
40.30 1 . 84 1905. 84. 0.00 1 .99 0.002 £C . 27.0 
45.2 7 1 .22 2526. 48. 0.00 1 .51 0.006 42 . 28.3 
50.2 7 1 .26 2848. 85. 0.00 1 .21 0 .004 36 . 27.8 
RAINFALL WAS APPLIED AT 8.83 CM/HR 
SURFACE BEFORE TEST: B.D. = 1.08 G/CC; H2C= 28.7% VOL., 26 .6% V*T . 
15 CM DEPTH BEFORE TEST: B.D.= 1.34 G/CC; H20= 34 .EX VOL. , 26.0% \*1 • 
30 CY DEPTH BEFORE TEST: H2C= 24.6% WT. 
i 
i 
TA3LF Al. (CONTINUED) 
TIME INFL. 
MIN. RATE 
CM/HR 
SED. 
CONC . 
PPM 
DIS. NH4-N 
SOLIOS CONC. 
PPM PPM 
N0 3-N 
CONC. 
PPM 
P04-P 
CONC. 
PPM 
SPEC. 
CCNC. 
FPM NACL 
TEMP. 
DEC. 
C 
PH 
TILLED TOPSOIL - SECCND RUN 
29.00 9.30 27.8 48.32 0.89 2333. 63 . 0.02 1 .28 0.014 32 . 
54.24 A.84 2964. 44 . C .00 1 .34 0.001 33 . 27.8 
64.40 8.36 2074 . 89. 0.04 1.11 C.OCO 30. 27.8 
73.66 B.77 2496. 49. C.OO 1 .06 0.004 29 . 26.3 
93.34 8.72 2840. 71 . 0.00 1 .22 0.004 28 . 27.8 
92.59 8.53 2746. 51 . 0.00 0 .85 0.045 2 t  •  27.8 
102.58 8.54 2850 . 46 . 0.02 0 .74 O.OC2 23 . 26.3 
122.24 8.40 2239. 59. 0.01 0 .65 0.031 22 . 28.3 
SUPPLY WATER SAMPLE 
51 . 16. C. 18 0  .02 0.094 12. 8 1.0 
RAINFALL WAS APPLIED AT 9.30 CF/HR 
SURFACE BEFORE TEST: B.D. = 0.91 G/CC; H20= 23 .5% VOL.. 25 .9% \»T. 
15 CM DEPTH BEFORE TEST: H2C= 23.3% MT. 
30 CM DEPTH BEFORE TFST: H20= 23.2% WT. 
SURFACE AFTER TEST: B.0.= 1.08 G/CC; H20= 43.0* VOL.* 39.8% V.T . 
TABLE Al. (CONTINUEO) 
T I ME INFL . SED. DIS. NH4-N NU3-N P04-P SPEC. TEMP. FH 
MI N. RATE CONC . SCLIDS CONC. CONC. CONC. CCNC. CEG. 
CM/HR PPM PPM PPM PPM PPY FPM NACL C 
TILLED TCPSOIL - THIRC RUN 
22.00 8.11 
61 .80 7.92 1 174. BO . C.C4 0 .05 C .003 1 1 . 30.0 
74.06 7.65 1 471 . 29. 0.03 0.04 0.0C5 IC. 2S.4 
8 3.95 7.63 2217. 52 . 0.04 0 .04 0.004 9 . 29.4 
93. 1 9 7.51 2421 . 16. 0.03 0 .06 0.000 9 . 29.4 
102.34 7.42 3111. 23. 0.03 0.03 0.005 9 . 29.4 
112.^6 7. 18 3607. 14 . 0.03 0 .04 0 .005 9 . 29.4 
12 1.36 7.05 4058. 25. 0.02 0 .OC 0.005 E. 30.0 
SUPPLY WATER SAMPLE 
43. 6 . 0 .20 0 .OC C . 079 12. es .o  
PA INF ALL WAS APPLI EO AT 8.11 CM/HR 
SURFACE BEFORE TEST: B.D.= 0.76 C / C C i  H20= 14.1% VOL.. 18.6* KT. 
15 CM DEPTH DEFOHE TEST: H2C= 26.3* WT. 
' 9  
TABLE Al. (CONTINUED) 
I ME INFL. SED. DIS. NH4-N N03-N P04-P SPEC. TE*F. PH 
IN. RATE CONC . SOLIDS CONC . CONC. CONC. CCND. DEC. 
CM/HR PPM PPM PPM PPM PPM PPM NACL C 
RECLAIMED LAND - FIRST RUN 
2.83 9.50 
7.80 4. 71 5.28 7064 . 367 . 0.10 0 .24 C .000 220 . 27.2 
10.26 1.81 10978. 287. 0.08 0.10 0.000 155. 27.2 7.80 
15.24 1.12 7379. 204. 0.09 0 .06 C.OOO ISO. 27.2 7.90 
25.23 0.49 9609. 170. 0.10 0 .06 0 .006 ec. 26.3 e.is 
30.23 0.47 7995. 10 1 .  c. ce 0.06 0.007 77. 28 .3 E.20 
40.23 0.41 7926. 138. 0.09 0 .OS 0.008 75. 28.3 e.25 
53.22 0.09 9747. 87 . 0.08 0.06 0.012 69 . 26.9 6.25 
60.2 1 0.14 7090 . 53. 0.09 0 .04 0.016 57. 26 .3 €.35 
SUPPLY WATER SAKPLE 
33. 39 . 0.21 o
 
•
 
o
 
o
 
0.C64 1 1 . a 1.0  7.40 
RAINFALL WAS APPLIED AT 9.50 CM/HR 
SURFACE BEFORE TEST: B.D.= 1.37 G/CC; H20= 8.6% VOL.. 6.3% »T. 
15 CM DEPTH BEFORE TEST I H20= 17.8* WT. 
30 CM DEPTH BEFORE TEST: H20= 20.4% WT. 
15 CM DEPTH AFTER TEST: H2G= 17.8% WT. 
TAQLE Al. < CONTINUED) 
TIME 
MI N. 
INFL. 
RATE 
CM/HR 
SEO. 
CONC . 
PPM 
DIS. 
SOL I OS 
PPM 
NH4-N 
CONC . 
PPM 
NO 3-N 
CONC. 
PPK 
F04-P 
CONC. 
PPV 
SPEC . 
CCNC. 
FPK NACL 
TENF. 
DEC. 
C 
PH 
RECLAIMED LAND - SECOND RUN 
3.05 
2.56 
5.32 
10.23 
15.22 
25.2 3 
9.17 
5.39 
2.90 
0.24 
0.21 
-0.12 
5498. 
4746. 
6386. 
6111. 
6492. 
335. 
221 . 
110. 
101 . 
7C. 
0. 17 
0. 13 
C. 10 
0.09 
C. 1 1 
0.31 
0.2C 
0.09 
0 .09 
0 .05 
0.0C8 
0.016 
0.014 
0 .021 
0.019 
23C . 
1 ÇC . 
135. 
85 . 
7C . 
33.3 
33.3 
32.2 
3 1.7 
31.1 
e .oo  
e . i o  
e .2o  
€ .3C  
e .35  
SUPPLY WATER SANPLE 
1 3 . 23. 0.20 O.CC C.052 13. ee .o  7.9C 
4S in 
RAINFALL WAS APPLIED AT 9.17 CP/HR 
SURFACE AFTER TEST: B.D.= 1.51 C / C C X  H20= 31. IX VOL.» 20.6% T . 
TAEL^ Al. (CONTINUED) 
TIME INFL. SEO. DIS. NH4-N N03-N PC4-P SPEC. TEF/F. FH 
MIN. RATF. CONC. SCI IDS CONC. CO NC. CONC. CCNC. CEG. 
CM/HR PPM PPM PPM PPM PPM FPM KACL C 
RECLAIMED LAND - T H I R D  R U N  
3 . 4 2  3 . 7 2  7 4 7 2 .  5 3 4 .  0 . 2 0  0  . 3 2  O . O O C  3 4 0  .  3 2 . 2  
=  . ? 7  2 . 2 1  4 9 4 4 .  3 3 2  .  0 . 1 9  0 . 1 6  0  . 0 0 0  2 7 5 .  3 2  . 2  
n . ?  4  I  . 0 7  5 7 4 0 .  2 8 4  .  0. 1  e  0 . 0 7  0 . 0 0 4  2 2 5 .  3 2  . 2  
1 5 . 2 2  C. 7 6  4 5 8 1  .  3 1 1 .  0 . 1 5  0  . 0 6  0 . 0 0 5  2 C 0  .  3  1 . 7  
2 0 . 2 2  0 . 2 4  4  1 8 6 .  2 0 3 .  0 . 1 7  0  . 0 4  0 . 0 0 6  I S O .  3 1  . 1  
25.24 1 .06 4 7 5 7 .  2 5 7 .  0 . 1 5  0  . 0 4  C  . 0 0 9  1  85 . 3 1 . 1  
30.24 1.14 5995. 265. 0. 1 7  0 . 0 3  0  .  0 0 5  1  e c .  3 C  . 6  
SUPPLY WA TER SAMPLE 
60 . 34 . C . 2 3  O . C C  0 . 0 6 1  11. e e . c  
RAINFALL WAS APPLIED AT 9.49 CM/HP 
SURFACE BEFORE TFST: B.0.= 1.40 G/CC; H20= 6.1% VOL.* 4.1% W1. 
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Fig. A16. Change of NO^-N with time in runoff from reclaimed land 
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Fig. A21. Change of PO^-P with time in runoff from tilled topsoil 
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Table A2. Results of moisture tension measurements on four soils at the 
Iowa State Mine 
Moisture Tension Moisture Tension 
% by Vo'. Cm. water % by Vol. Cm. water 
TopsoU Subsoil 
27.37 15525.9 36.87 15525.9 
29.13 5151.8 38.49 5151.8 
32.92 1036.0 42.33 1036.0 
37.45 352.9 45.13 352.9 
45.90 70.6 48.68 70.6 
47.68 40.0 49.36 40.0 
53.04 20.0 51.06 20.0 
55.12 10.0 51.52 10.0 
61.43 0.0 52.74 0.0 
Shale Reclaimed 
18.24 14054.0 23.71 14054.0 
19.67 5130.0 27.26 5130.0 
21.86 1033.0 32.58 1033.0 
23.66 351.4 35.24 351.4 
25.80 100.0 38.80 100.0 
26.29 80.0 39.90 80.0 
28.03 40.0 43.49 40.0 
29.87 20.0 46.27 20.0 
32.79 10.0 49.36 10.0 
38.26 0.0 54.48 0.0 
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APPENDIX B: LISTING OF FLOW CHART FOR 
COMPUTER MODEL 
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Land phase hydrologie model for strip mine lands: 
\ Write Title / 
Read NS, NTS, NT, NTS S, NK, NK2, SATKl, SATK2, FORI, P0R2 
no 
Read SMM, CONDT 
yes 
no NK2=0 
yes 
Read SAT 
Call USATHC 
Call USATHC 
Read SMS, TNS 
Read SMM2, CONDT 
Read SM, TSNS 
Initialize variables for 
main program 
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Initialize variables for subroutine PRECIP 
Initialize variable for subroutine INFILT 
Read NOGO, TILTT, DEPTT, ESMI 
Read SL, S, XSS, XMAX, DCDR, DCBR, DPSTOR~| 
Initialize variables for subroutine INTCPT 
\write Title/ 
Read PHS, PHM, DK, DKR 
Initialize variables for subroutine ET 
Compute field capacity and 
wilting point 
Compute BSM, BTENZ, CON, AEVAP 
for topsoil 
Read Year, Crop 
^START,^STOP 
E SOILM 
T MAX 
T MIN 
RH MAX 
RH MIN 
RS 
Wind 
Rain 
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0 
Compute BSM, BTENZ, CON 
for topsoil 
\write BSM, BTENZ, CON/ 
\write PAD, SMET, ETRATE/ 
©-I SET ESOILM = ESOILM OF PREVIOUS DAY 
Call PLANT 
Call PREVAP 
Write MONTH, DAY, YEAR 
T MAX, T MIN, RS, PHMAX, RHMINy 
WIND, CLAI, PCATRN, NRTOS 
Call PRECIP 
Rain for period 
>1 Rain of 1 hr period 
DT = 0.1 
DT = 4. 
1 
Call INFILT 
1 
Call REDIST 
1 
Call ET 
Call INTCPT 
ki^END OF DAY^ 
Water available 
for infiltration 
no 
6 
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© 
yes 
Print out results^ 
::or day 7 
END OF MODEL 
period 
c 
yes 
Stop ) END OF HOUR 
no 
yes 
END OF 4 HOURS 
no 
yes 
Call SLOSS 
Call INFILT 
Compute PH 
Call REDIST 
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APPENDIX C: PRINT OUT OF COMPUTER MODEL 
c*  ================================================================== » 
c*  T H I S  P R O G R A M  I S  A  L A N D - P H A S E  H Y D R O L C G I C  M C C E L  F C R  S T R I P  Y I N E C  
C *  L A N D S .  J .  V .  G P E G C R V  1 / 1 2 / 7 7  
C *  = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ^ = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  *  
c*  * * * * * * * * * * * * *  P A R A M E T E R  D E F I M T I C N  * * * * * * * * * * * *  *  
C *  »  
C *  *  
C *  A A E T  =  A C C U M U L A T E D  A C T U A L  E V A P C T R A N S P I R A T I C N  D E P T H  ( I N C H E S )  S I N C E  *  
C *  T H E  B E G I N N I N G  O F  T H I S  M C D E L  R U N ,  *  
C *  A A E V A P  =  A C C U M U L A T E D  D I R E C T  S C I L  E V A P O R A T I O N  ( I N C H E S )  F R O M  T H E  *  
C *  S U R F A C E  S O I L  L A Y E R  S I N C E  T H E  S E G I N N I N G  C F  T H I S  V C C E L  R L N  .  •  
C *  A A I N T  =  A C C U M U L A T E D  E V A P O R A T I C N  F R C M  I N T E R C E P T I C N  S T O R A G E  »  
C *  S I N C E  T H E  B E G I N N I N G  C F  T H I S  M O D E L  R U N .  ( I N C H E S )  *  
C *  A A T R A N  =  A C C U M U L A T E D  A C T U A L  T R A N S P I R A T I C N  ( I N C H E S )  S I N C E  T H E  *  
C *  B E G I N N I N G  O F  T H I S  M O D E L  R U N .  »  
C *  A D E T  =  C A L C U L A T E D  A C T U A L  D A I L Y  E V A P C T R A N S P I R A T I C N  ( I N C H E S ) .  *  
C *  A D I N T  =  C A L C U L A T E D  A C T U A L  D A I L Y  I N T E R C E P T I O N  E V A P G P A T I C N  ( I N C H E S ) . *  
C *  A E T  =  C A L C U L A T E D  T O T A L  E V A P C T P A N S P I R A T I O N  ( I N C H E S )  D U R I N G  E A C H  *  ^  
G *  C A L C U L A T I N G  P E I R I C D .  *  
C *  A E V A P  =  C A L C U L A T E D  D I R E C T  E V A P C R A T I C N  F R O M  T H E  T C P  6 - I N C H E S  C F  *  
C *  S O I L  D U R I N G  T H E  P E R I C D  ( I N C H E S ) .  *  
C *  A I N F I L  =  I N F I L T R A T I O N  D E P T H  T C  E A C H  S C I L  L A Y E R  D U R I N G  A  S I N G L E  *  
C *  C A L C U L A T I N G  P E R I O D  ( I N C H E S )  I N  S U B R O U T I N E  R E D I S T .  *  
C *  A  I N T  =  C A L C U L A T E D  E V A P C R A T I C N  F R C M  I N T E R C E P T I O N  S T C R A G E  D U P I N C  *  
C *  T H I S  M O D E L  R U N  ( I N C H E S ) .  »  
C *  A L 3 E 0 C  =  S U R F A C E  R E F L E C T I O N S  C F  S H O R T U A V E  R A D I A T I O N .  *  
C *  A Q O E V P  =  T H E  R A T I O  O F  A C T U A L  S C I L  E V A P O R A T I O N  T C  P O T E N T I A L  S C I L  *  
C *  E V A P O R A T I O N .  I N P U T  V A L U E  F O R  C U R V E  C F  T H I S  R A T I C  V S .  S C I L  *  
C *  M O I S T U R E  C O N T E N T  I N  T H E  T C P  S O I L  L A Y E R .  R E L A T E D  T C  S M  A N C *  
C *  U S E D  I N  S U B R O U T I N E  E T .  *  
C *  A P E T  =  A C C U M U L A T E D  P O T E N T I A L  E V A P O R A T I O N  ( I N C H E S )  S I N C E  T H E  *  
C *  B E G I N N I N G  O F  T H I S  M O D E L  R U N .  *  
C *  A T R A N S  =  C A L C U L A T E D  T R A N S P I R A T I O N  F R C M  E A C H  S C I L  L A Y E R  D U R I N G  *  
C *  T H E  C A L C U L A T I N G  P E R I C D .  ( I N C H E S )  *  
C *  C L A I  =  C R O P  L E A F  A R E A  I N D E X .  *  
C *  C O N D  =  C A L C U L A T E D  A M O U N T  O F  S C I L  M O I S T U R E  M O V E M E N T  B E T W E E N  *  
C *  A D J A C E N T  S O I L  L A Y E R S  D U E  T O  P O T E N T I A L  G R A D I E N T S  D U R I N G  A N Y  C N E  *  
c *  C A L C U L A T I N G  P E R I O D  ( I N C H E S ) .  A  P O S I T I V E  V A L U E  P E A N S  C C W N W A f i C  
C *  M O V E M E N T  A N D  A  N E G A T I V E  V A L U E  M E A N S  U P W A R D  N C V E M E N T .  
C *  C O N D T  =  U N S A T U R A T E D  H Y D R A U L I C  C O N D U C T I V I T Y »  C M  . / H R .  E X P R E S S E D  
C *  A S  A L C G ( K ) + 1 0 C .  I N P U T  D A T A  F O R  M O I S T U R E  C O N T E N T  V S .  
C *  C O N D U C T I V I T Y  C U R V E .  E A C H  V A L U E  R E L A T E D  T O  A  C O R R E S P O N D I N G  
C *  V A L U E  O F  S V M ,  
C *  C 0 N D T 2  -  S A M E  A S  C O N D T  E X C E P T  F O R  S U E S O I L .  
C *  C R O P  =  A N  I N T E G E R  W H I C H  I N D I C A T E S  T H E  C R O P  B E I N G  M O D E L E D .  
C *  C R O P  =  2  M E A N S  M E A D O W .  C  M E A N S  C O R N .  
C *  O A Q E X  =  C A L C U L A T E D  D A I L Y  S U M  O F  S U R F A C E  R U N O F F  ( I N C H E S ) .  
C *  D A Y T  =  D A Y  O F  T H E  M O N T H  I N P U T  V A L U E  T O  S U B R O U T I N E  P R E C I P  T O  
C *  I D E N T I F Y  T H E  D A T E  O F  A  P A R T I C U L A R  R A I N F A L L  E V E N T .  
C *  D C B R  =  D E C A Y  C O N S T A N T  B E T W E E N  R A I N S  F O R  S O I L  E R O S I O N .  
C *  O C D R  =  D E C A Y  C O N S T A N T  D U R I N G  R A I N  F O R  S C I L  E R C S I C N .  
C *  O D E L T F  =  C A L C U L A T E D  A C T U A L  D A I L Y  S U M  O F  I N F I L T R A T I O N  ( I N C H E S ) .  
C *  O O P  =  D I R E C T  P R E C I P I T A T I O N  O N  T H E  S O I L  S U R F A C E  D U R I N G  A  
C *  C A L C U L A T I O N  P E R I O D  I N  I N C H E S .  
C *  O E L P  =  R A I N F A L L  A M O U N T  F O R  T I M E  P E R I O D  A S  G I V E N .  
C *  O E L T F  =  I N F I L T R A T I O N  D E P T H  D U R I N G  T H E  P R E S E N T  C A L C U L A T I N G  P E P  I C C  
C *  (  I N C H E S  )  .  
C *  O E L T P  =  T O T A L  P R E C I P I T A T I O N  D U R I N G  T H E  P E R I O D  ( I N C H E S ) .  
C *  O E L T O  =  I N C R E M E N T  O F  S U R F A C E  R U N O F F  D E P T H  W H I C H  O C C U R S  D U P I N G  A  
C *  O A R T I C U L A R  C A L C U L A T I N G  P E R I O D .  ( I N C H E S )  
C *  O E P T T  =  D E P T H  O F  T I L L A G E  ( I N C H E S ) .  
C *  0 1  =  P O T E N T I A L  I N F I L T R A T I O N  R A T E  ( C M / H P ) .  
C *  O K  =  C E C A Y  C O N S T A N T  B E T W E E N  R A I N S  F O R  P H  F U N C T I O N .  
C *  O K R  =  C E C A Y  C O N S T A N T  D U R I N G  R A I N  F O P  P H  F U N C T I O N .  
C *  O L  =  T H I C K N E S S  O F  E A C H  S E G M E N T  I N  S O I L  P R O F I L E  ( I N C H E S ) .  
C *  O O G  =  S L O P E  O F  S A T U R A T I O N  V A P O R  P R E S S U R E - T E M P E R A T U R E  C U R V E  
C *  D I V I D E D  B Y  T H E  P S Y C H R O M E T f i I C  C O N S T A N T .  
C *  O P E R C C  =  C A L C U L A T E D  A C T U A L  D A I L Y  A C C U M U L A T E D  D E E P  P E P C C L A T I C N  T C  
C *  O R  F R O M  T H E  S O I L  B E L O W  9 '  D E P T H  ( I N C H E S ) .  A  N E G A T I V E  V A L U E  C F  
C *  D P E R C O  M E A N S  M O V E M E N T  H A S  B E E N  U P W A R D  F R C M  E E L O * .  
C *  O P I N T  =  I N T E R C E P T I O N  O N  T H E  P L A N T  S U R F A C E S  D U R I N G  T H F  P R E S E N T  
C *  C A L C U L A T I N G  P E R I O D  ( I N C H E S ) .  
C *  O P S T O R  =  M A X I M U M  P O T E N T I A L  D E P T H  O F  W A T E R  I N  S T O R A G E  I N  S U R F A C E  
C *  D E P R E S S I O N S  A T  A N Y  T I M E  ( I N C H E S ) .  
c*  O R  I  =  D R A I N A G E  F R O M  I N T E R C E F T I C N  S T O R A G E  ( I N C H E S )  *  
C *  J T  =  L E N G T H  O F  T H E  C A L C U L A T I C N  F E R I C D  ( H O U R S ) .  »  
C *  E C  =  A C T U A L  V A P O R  P R E S S U R E  I N  M I L L I B A R S .  *  
C *  ' S  =  S A T U R A T I O N  V A P C R  P R E S S U R E  A T  A I R  T E M P E R A T U R E  T R  I N  M I L L I 6 A F S . »  
C *  E S M I  =  E S T I M A T E D  M A X I M U M  I N F I L T R A T I O N  R A T E  F O R  T I L L E D  C O N C I T I C N  
C *  ( C M / H P ) .  
C *  E S O I L M  =  E S T I M A T E D  S O I L  M O I S T U R E  I N  E A C H  S C I L  L A Y E R  F O R  E A C H  *  
C *  D A Y  ( I N C H E S ) .  •  
C *  S T R A T E  =  T H E  R A T I O  O F  A C T U A L  T C  P O T E N T I A L  T R A N S P I R A T I O N ,  I N P U T  *  
C *  V A L U E S  F O R  C U R V E S  O F  T H I S  R A T I O  V S .  S O I L  M O I S T U R E  A N C  *  
C *  A T V C S P H E R I C  D E M A N D .  ( C U R V E S  T A K E N  F R O M  C E N N E A D  A N C  S H A W ) .  *  
C *  R E L A T E D  T O  S M E T  A N D  P A D  A N D  U S E D  I N  S U B R O U T I N E  E T .  *  
C *  " V A F T P  =  T O T A L  W I T H D R A W L  B Y  E V A P O R A T I O N  A N C  T R A N S P I R A T I O N  F P O N  *  
C *  T H E  T O P  T W O  F E E T  O F  S O I L  D U R I N G  A  C A L C U L A T I N G  P E R I O D .  C I N C H E S )  *  
C *  F  C  =  F I E L D  C A P A C I T Y  ( O E R C E N T  E Y  V O L U M E )  O F  E A C H  S C I L  L A Y E R .  •  
C *  =  P O R O S I T Y  W H I C H  I S  A V A I L A B L E  T O  F I L L  M T H  W A T E R .  
C *  G  =  S O I L  H E A T  F L U X  I N  L Y / C A Y  E S T I M A T E D  B Y  T H E  M E T H O D  C F  J E N S E N , *  
C *  W R I G H T  A N D  P R A T T .  *  
C *  G  I N T  =  F U N C T I O N  N A M E  F O R  T H E  X - Y  P L O T  I N T E R P O L A T I O N .  *  
C *  3 I N T 2  =  F U N C T I O N  F O R  I N T E R P O L A T I N G  O N  A  F A M I L Y  O F  C U R V E S .  *  
C *  H  =  H E A D  C A U S I N G  I N F I L T R A T I O N  ( C E N T I M E T E R S ) .  
C *  I  B I G  =  I N D E X  T O  I N D I C A T E  W H E T H E R  W E  A R E  R E A D I N G  T H E  F I R S T  C A R D  C F  *  
C *  R A I N F A L L  D A T A  F O R  A  G I V E N  C A Y .  *  
C *  I C  =  N U M B E R  O F  T H E  C A L C U L A T I N G  P E R I O D  D U R I N G  A  D A Y  I N  W H I C H  »  
C *  R A I N F A L L  O C C U R S .  T H E R E  W I L L  B E  2 4 * N H  S U C H  P E R I O D S  I N  A  D A Y .  »  
C *  I E 3 R  =  I N D E X  T O  I N D I C A T E  W H E N  S O M E  E R R O R  H A S  B E E N  D E T E C T E E  I N  C A T A *  
C *  I N P U T  O R  C A L C U L A T E D  V A L U E S  I N  A  S U B R O U T I N E .  l E R R  =  0  M E A N S  A L L *  
C *  I S  W E L L .  l E R R  =  1  M E A N S  A N  E R R O R  I S  D E T E C T E D  A N D  P R O G R A M  *  
C *  E X E C U T I O N  S H O U L D  B E  T E R M I N A T E D .  *  
C *  I  N C I  =  I N D E X  T O  I N D I C A T E  W H E T H E R  I T  I S  T H E  F I R S T  C P  S E C O N D  C A L L  *  
C *  O F  S U B R O U T I N E  I N T C P T  D U R I N G  T H E  C A L C U L A T I O N  P E R I O D .  *  
C *  I N F I L T  =  N A M E  O F  S U B R O U T I N E  T O  C A L C U L A T E  I N F I L T R A T I O N .  *  
C *  I N T C P T  =  S U B R O U T I N E  N A M E  F O R  C O M P U T I N G  I N T E R C E P T I O N .  *  
C »  J  I  =  I N D E X  N U M B E R  F O R  E A C H  S O I L  L A Y E R  S T A R T I N G  W I T H  J  I  =  1  F O R  T H E *  
C *  T O P  6 - I N C H  S C I L  L A Y E R  A N D  E N D I N G  W I T H  J I =  1 5  F O R  T H E  I P - I N C H  *  
C *  L A Y E R  B E T W E E N  9 - F T .  A N D  I C - F T .  D E P T H .  »  
C *  J J  =  C U M U L A T I V E  N U M B E R  C F  D A Y S  F R O M  T H E  B E G I N N I N G  C F  T H E  Y E A R .  »  
c*  JSTART = DAY OF THE YEAR (1  -  3C5) WHEN THE PROGRAM IS TO BEGIN. 
C* JSTOP = DAY OF THE YEAR WHEN THE PROGRAM IS TO END CALCULATICNS 
C* KDA = TOTAL ACCUMULATED DAYS IN THE YEAR TO THE BEGINNING CF A 
C* MCNTH. 
C* KMOT = INPUT MONTH NUMBER FCR THE DATE OF A PARTICULAR STCRM EVENT 
C* TO SUBROUTINE PRECIP. 
C* MCNTH = ALPHABETIC VARIABLE TC OUTPUT THE MONTH WHEN WRITING CLT 
C* DATES. 
C» NC = NUMBER OF CURVES USED TC DESCRIBE THE ACTUAL ET. POTENTIAL 
C* ET. SOIL MOISTURE RELATIONSHIP (SHAW'S CURVES). 
C* NH = NUMBER OF PERIODS INTO WHICH AN HOUR IS DIVIDED FCR 
C* CALCULATING DURING A RAINFALL EVENT. 
C* NK = NUMBER OF POINTS ON THE CONDUCTIVITY VS. MOISTURE CONTENT 
C* CURVE. 
C* NK2 - SAME AS NK EXCEPT FOR SUBSOIL. 
C* NOGO = INFILTRATION PARAMETER: SET NOGO=1 FOR SURFACE EFFECTS. 
C* SET NCGO=0 FOR GREEN-AMFT ECLAT ION. 
C *  N P  =  N U M B E R  O F  P O I N T S  O N  T H E  C U R V E  O F  P O T E N T I A L  S O I L  E T  V S .  *  
C *  M O I S T U R E .  »  t : ; J  
C *  N P C  =  N U M B E R  O F  P C I N T S  F E R  C U R V E  I N  S H A W S  R E L A T I O N S H I P .  *  ^  
C *  N R T D S  =  T H E  N U M B E R  O F  R O O T S  E X P R E S S E D  A S  A  P E R C E N T  O F  T H E  T C T A L  •  
C *  R O C T  V O L U M E  W H I C H  O C C U P Y  E A C H  S O I L  L A Y E R .  *  
C *  N S  =  T O T A L  N U M B E R  O F  S E G M E N T S  I N  S O I L  P R O F I L E .  
C *  N T  =  N U M B E R  O F  P O I N T S  O N  T H E  T E N S I O N  V S .  M C I S T U R E  C U R V E .  •  
C *  N T S  =  N U M B E R  O F  T O P S O I L  S E G M E N T S .  
C *  N T S S  -  S A M E  A S  N T  E X C E P T  F O R  S U B S O I L .  
C *  3 A D  =  P O T E N T I A L  A T M O S P H E R I C  D E M A N D .  I N P U T  D A T A  O F  V A L U E S  C F  *  
C *  P O T E N T I A L  D A I L Y  E V A P O R A T I O N  F O R  C U R V E S  C F  S O I L  M O I S T U R E  V S .  T H E *  
C *  R A T I O  O F  A C T U A L  T O  P O T E N T I A L  T R A N S P I R A T I O N  ( A F T E R  S H A W ) .  *  
C *  R E L A T E D  T O  S M E T  A N D  E T R A T E  A N D  U S E D  I N  S U B R O U T I N E  E T .  »  
C *  P C A T R N  =  T H E  D E C I M A L  F R A C T I O N  O F  T H E  P L A N T  C A N O P Y  W H I C H  I S  *  
C *  A C T I V E L Y  T R A N S P I R I N G  A T  A N Y  T I M E  P E R I O D .  U S E D  T O  D E T E R M I N E  A C T U A L *  
C *  T R A N S P I R A T I O N  I N  S U B R O U T I N E  E T .  T H E  V A L U E  I S  D E T E R M I N E D  I N  »  
C *  S U B R O U T I N E  P L A N T .  *  
C *  P C C  =  P E R C E N T  C A N O P Y  C O V E R .  *  
C *  P E  =  P O T E N T I A L  E V A P O R A T I O N  R A T E  I N  I N C H E S  P E R  D A Y .  *  
C *  P E R C O  =  D E P T H  O F  W A T E R  P E R C O L A T I N G  T O  C R  F R O M  T H E  1 0 - F T .  S O I L  *  
c*  L A Y E R  D U R I N G  T h E  C A L C U L A T I N G  P E P I C D  ( I N C H E S ) .  A  N E G A T I V E  *  
C »  V A L U E  I N D I C A T E S  U P W A R D  N C V E M E N T  C F  S C I L  M O I S T U R E .  *  
C *  3 E T  =  P O T E N T I A L  E V A P O R A T I O N  V A L U E S  I N  I N C H E S  F C R  E A C H  F C U f i - H C L P  *  
C *  P E R I O D  I N  T H E  D A Y ,  *  
C *  P E V A F  =  S U B R O U T I N E  N A M E  F O R  C O M P U T I N G  P O T E N T I A L  E V A P O R A T I C N .  *  
G *  D H M  =  VIMMUM P H  E X P E C T E D  F C R  P U N C F F .  
C *  ° H S  =  S T E A D Y  S T A T E  P H .  
C *  P I M A X  =  M A X I M U M  P O T E N T I A L  P L A N T  I N T E R C E P T I O N  ( I N C H E S ) .  *  
C *  O I M I N  =  M I N I M U M  P L A N T  I N T E R C E P T I O N  D E P T H  T H A T  C A N  E E  R E A C H E D  B Y  *  
C *  D R A I N A G E  D O W N  T H E  S T E M S  A N D  F A L L  T H R O U G H .  *  
C *  O O R I  =  A V E R A G E  P O R O S I T Y  F O R  T O P S O I L .  
C *  O C R 2  =  A V E R A G E  P O R O S I T Y  F O R  S U B S O I L .  
C *  P R O S L  =  P R E S E N T  R A T E  C F  S O I L  L O S S .  
C *  Q E X C E S  =  A C C U M U L A T E D  S U R F A C E  R L N C F F  D E P T H  ( I N C H E S )  S I N C E  T »  
C *  B E G I N N I N G  O F  T H I S  M O D E L  R U N .  
C *  Q S T C R M  =  R U N O F F  O F  S T O R M  ( I N C H E S ) .  
C *  R A I N  =  I N P U T  V A L U E  T O  I N D I C A T E  W H E T H E R  A N Y  R A I N F A L L  O C C U R S  
C *  T H I S  D A Y .  C . O  M E A N S  N O  R A I N  A N D  l . C  M E A N S  R A I N F A L L  
C *  U N S P E C I F I E D  A M O U N T .  T H I S  I S  I N P U T  T O  S U B R O U T I N E  P R :  
C *  W H I C H  R E P L A C E S  I T  W I T H  T H E  A C T U A L  M E A S U R E D  R A I N F A L L  T O T A L  *  o  
C *  F O R  T H A T  D A Y .  
C *  R B  =  N E T  O U T G O I N G  L O N G W A V E  R A D I A T I O N  I N  L Y /  D A Y .  
C *  R 9 C  =  M A X I M U M  V A L U E  O F  N E T  O U T G O I N G  L O N G W A V E  R A D I A T I O N  I N  
C *  R H  =  A V E R A G E  R E L A T I V E  H U M I D I T Y  F O R  T H E  D A Y  ( P E R C E N T ) .  
C *  R H M A X  =  M A X I M U M  V A L U E  O F  R E L A T I V E  H U M I D I T Y  R E C O R D E D  F O R  A N Y  
C *  ( P E R C E N T ) .  
C *  R H M I N  =  M I N I M U M  R E C O R D E D  V A L U E  O F  R E L A T I V E  H U M I D I T Y  F O R  A N Y  
C «  ( P E R C E N T ) .  
C *  R N  =  N E T  R A D I A T I O N  I N  L Y / D A Y .  
C *  R  S  =  D A I L Y  S O L A R  R A D I A T I O N  ( L A N G L E Y S ) .  
C *  R S O  =  M A X I M U M  P O T E N T I A L  C L E A R  D A Y  S O L A R  R A D I A T I O N  F O R  T H E  
C *  I N  L Y .  
C *  S  =  S L O P E  O F  L A N D  A S  A  D E C I M A L .  
C *  S A T  =  M O I S T U R E  C O N T E N T  O F  E A C H  S O I L  L A Y E R  A T  S A T U R A T I O N  ( P E R C E N T  *  
C *  B Y  V O L U M E ) .  *  
C *  S A T K l  =  S A T U R A T E D  C O N D U C T I V I T Y  F C R  T O P S O I L  ( C M / H R ) .  
C *  S A T K 2  =  S A T U R A T E D  C C N D L C T I V I T Y  F O R  S U B S O I L  ( C M / H R ) .  
E  4  
* 
O N  * 
C F  * 
C  I P  * 
* 
* 
E Y / C A Y  . * 
* 
C A Y  * 
* 
C A Y  * 
* 
* 
* 
D A Y  * 
* 
c*  SDFLTP = ACCUMULATED SOIL INFILTRATION DEPTH (INCHES) SINCE THE 
c*  BEGINNING OF THE YEAR, GROWING SEASON OP OTHER CALCULATING 
c*  PER LOD . 
c*  SL = SLOPE LENGTH (METERS). 
c*  sw = SOIL MOISTURE VALUE (PERCENT SATURATION) INPUT VALUES FCP 
c *  Y0ISTU3E-C0NTENT TENSICN CURVE. RELATED TC TENS. 
c*  3MS - S A M E  A S  S M  E X C E P T  F O R  S U E S C I L .  
c*  S M l  = SOIL MOISTURE VALUES (PERCENT BY VOLUME) INPUT VALUES PCP 
c*  CURVES OF RELATIVE SOIL EVAPORATIONS VS. SOIL MOISTURE IN 
c*  THE TOP SOIL LAYER. RELATED TC AOPEVP AND USED IN 
c*  SUBROUTINE ET. 
c*  S VET = S O I L  M O I S T U R E  V A L U E  ( P E R C E N T  B Y  V O L U M E )  E X P R E S S E D  A S  A  
c*  DECIMAL BETWEEN 0. AND 1. INPUT VALUES FCR RELATICNSHIF 
c*  BETWEEN THE RATIO OF ACTUAL TC POTENTIAL TRANSPIRATION, THE 
c*  SCIL MOISTURE, AND THE ATMOSPHERIC DEMAND. RELATED TC PAD 
c*  AND ETRATE. USED IN SLBRCUTINE ET. 
c*  SMM - SOIL MOISTURE VALUE (PERCENT EY VOLUME) INPUT VALLES FCR 
c*  MOISTURE CONTENT-CAPILLARY CONDUCTIVITY CURVE. RELATED TC 
c*  CONDT. 
c*  SMM2 - S A M E  A S  S M M  E X C E P T  F C R  S U c S C I L .  
c*  SPERCO = ACCUMULATED DEEP PERCCLATICN DEPTH (INCHES) SINCE THE 
c*  BEGINNING OF THIS MODEL RUN. 
c*  SUML = DEPTH OF WETTED FRONT (CENTIMETERS). 
c*  SUMTRN = CALCULATED ACTUAL DAILY SUM OF TRANSPIRATION FROM ALL 
c*  SURF = SUBROUTINE FOR PREDICTING THE EFFECTS OF SURFACE PARANETEPS 
c*  ON I NF ILTRATION RATE. 
c*  SOIL LAYERS. 
G *  T = AVERAGE DAILY AIR TEMPERATURE IN DEGREES F. 
c*  T C  = AVERAGE DAILY AIR TEMPERATURE IN DEGREES C. 
c*  T E N S  = SOIL MOISTURE TENSION INPUT DATA EXPRESSED AS CENTINETEPS 
c*  OF WATER. EACH VALUE RELATED TC A CORRESPONDING SCIL 
c*  MOISTURE INPUT VALUE SN. 
c*  TENZ = SOIL WATER POTENTIAL IN EACH SOIL LAYER AT THE TIME OF 
c*  CALCULATION OF SOIL MOISTURE REDISTRIBUTION (CM. WATER). 
c» T ILTT = TILLAGE INDICATOR: TILTT=C. MEANS NO TILLAGE. 
c*  TITLE = VARIABLE NAME USED TO INPUT TITLES TO EE PRINTED AT THE 
c*  TOP OF OUTPUT DATA. 
c *  T K l  = M I N I M U M  D A I L Y  A I R  T E M P E R A T U R E  E X P R E S S E C  A S  C E G R E E S  K / I C C . C  . *  
c *  T K 2  = M A X I M U M  D A I L Y  A I R  T E M P E R A T U R E  E X P R E S S E D  A S  C E G R E E S  K / I C C . O  
c *  T M A X  = M A X I M U M  D A I L Y  A I R  T E M P E R A T U R E  I K  D E G R E E S  F .  * 
c *  T M I N  M I N I M U M  D A I L Y  A I R  T E M P E R A T U R E  I N  D E G R E E S  F .  *  
G *  T N S  - S A M E  A S  T E N S  E X C E P T  F C f i  S U B S O I L .  
C *  T O T S T R  = T O T A L  S O I L  M O I S T U R E  S T C R A G E  C A P A C I T Y  I N  T H E  T O P  P - F E E T  C F  *  
C *  S O I L .  S E T  A T  0 . 8 # S A T  A N D  E X P R E S S E D  I N  I N C J - E S .  *  
c *  T P A S T  = A V E R A G E  A I R  T E M P E R A T U R E  F C R  T H E  P R E V I O U S  2  D A Y S  I N  *  
c *  D E G R E E S  F .  » 
c *  T P  I N T  = T O T A L  D E P T H  C F  W A T E R  I N  I N T E R C E P T I O N  S T O R A G E  A T  A N Y  T I k E  * 
c #  ( I N C H E S ) .  *  
c *  T R  = A V E R A G E  D A I L Y  A I R  T E M P E R A T U R E  I N  D E G R E E S  R .  *  
c *  T  S L F  P  =  T O T A L  S O I L  L O S S  F O R  M O D E L E D  P E R I O D .  
c*  T E R  A N  D  T T T  =  T I M E  S I N C E  L A S T  R A I N .  
c *  T S R S  = T I M E  S I N C E  R U N O F F  S T A R T E D .  
c *  T S T A R T  = T I M E  O F  D A Y  ( H O U R )  W H E N  R A I N F A L L  F I R S T  O C C U R R E D .  * 
c *  T S  T O P  = T I M E  O F  D A Y  W H E N  L A S T  R A I N F A L L  H A S  E N D E D  ( H O U R ) .  *  
c *  U  S A T  H C  =  S U B R O U T I N E  T C  C O M P U T E  U N S A T U R A T E D  H Y D R A U L I C  C G N D L C T I V I T I  E S .  
c*  V C L  = V O L U M E  A F T E R  T I L L A G E  T C  B E  F I L L E D .  
c *  VOL D P R  = D E P T H  O F  W A T E R  A C T U A L L Y  I N  S T C R A G E  I N  S U R F A C E  D E P R E S S I C N S  *  
c *  A T  A N Y  O N E  T I M E  ( I N C H E S ) .  *  
c*  W  = T O T A L  D A I L Y  W I N D  T R A V E L  I N  M I L E S  I N  S U B R O U T I N E  P E V A P .  * 
c*  W  I N D  = I N P U T  V A L U E  O F  W I N D  M O V E M E N T  ( M I L E S  P E R  D A Y )  F C R  E A C H  C A Y .  *  
c*  W P  •= W I L T I N G  P O I N T  C F  E A C H  S C I L  L A Y E R  E X P R E S S E D  A S  P E R C E N T  *  
c #  V O L U M E  .  * 
c *  X M A X  = M A X I M U M  S O I L  E R C S I G N  F A C T O R  ( T / H A )  .  
c *  X  S M  = E X C E S S  S O I L  M O I S T U R E .  T H I S  A C C O U N T S  F O R  W A T E R T A B L E  B U I L C  U P .  
c *  X  S S  = S T E A D Y  S T A T E  S O I L  F R C S I C N  F A C T C R  ( T / H R ) .  
c*  Y E A R  = A L P H A N U M E R I C  V A R I A B L E  N A M E  U S E D  T O  R E A D  I N  T H E  Y E A R  F C R  *  
c*  P R I N T O U T  O F  D A T E S .  *  
c*  Z T R A N  = A C C U M U L A T E D  D A I L Y  T R A N S P I R A T I C N  F R O M  E A C H  S C I L  L A Y E R  *  
c*  ( I N C H E S )  .  *  
c *  *  
c *  *  *  *  ***  ***  ***  *V* ***  *  *  *  ***  *  **  *  *  *  *  *  *  * 
c*  *  
E X T E R N A L  G I N T , G I N T 2  
C O M M C N / A B L O C K / E S C I L M ( 3  6 5 , 2 0 ) , S A T < 2 C ) , S M (  2 0 ) , S K M ( 2 0 ) , C r : N D T ( 2 C ) . S W S (  
$ 2 0 ) , S M M 2 ( 2 0 ) . C C N 0 T 2 ( 2 0 ) » T E N S ( 2 C ) , T N S ( 2 C ) , J J , N T £ , N S » D L « M . N T £ S , N K , N  
t K 2 . W P ( 2 0 ) . S M E T ( 1 6 ) . P A D ( 6 ) . E T R A T F ( 1 6 . 6 ) » S f l ( 9 ) , A C P E V P ( Ç ) , F C ( Z C ) , X S W  
Î  ( 2 0 )  
I N T E G E R  D A Y T  , C R C P  
R E A L  N R T D £ < 2 0 )  
R E A L + 8  M 0 N T H ( 1 2 )  
D I M E N S I O N  T I T L E ( 2 C )  
D i y E N S I O N  R S ( 3 6 5 )  » T M A X ( 3 6 5 )  • T M I N ( 3 6 5 ) . R H M A X ( 3  6 5 )  , R H M I N ( 3 € 5 )  
D I M E N S I O N  C S M A E D ( 2 0 ) . Z T R A N ( 2 0  )  . K O A C 1 3  )  . W I N D ( 3 6 5 ) , D E L T P C 2 9 C ) » P E 7 ( 6 )  
$ . A  T R A N S ( 2 C )  . « A I N ( 3 6 5 )  
D A T A  M O N T H / * J A N U A R Y  ' , ' F E E R U A R Y * , ' M A R C H  ' . ' A P R I L  ' . ' ^ A Y  '  
1 , ' J U N E  ' . ' J U L Y  » , ' A U G U S T  «  , • S E P T E M E P •  .  • C C T C E E R  ' , ' N C V E M E E R '  
2 ,  • C E C E M 3 E P * /  
D A T A  K D A / C . 3 1  . 5 9 . 9 0 » 1 2 0 » 1 5 1  »  1 6 1 . 2 1 2 , 2 4 2 »  2 7 3 ,  3 C 4 , 3 3 4 # 3 6 5 /  
3  F O R M A T ( 1  O X , 1 0 F 7 . 3 )  
5  F 0 R M A T ( 2 I 5 )  
6  F 0 R M A T ( A 4 , I  3 )  
7  F O R M A T ( 8 F 1 0 . 3 )  
B  F O R M A T ( I H l , 1 1 X , A e , 1 3 • • . • , A 4 )  
1 0  F C R M A T ( 2 C A 4 )  
3 1  F O R M A T C I H l , 7 X , 2 0 A 4 )  
3 3  F O R M A T ( I H O , 1  O X , • M E T E C R C L O G I C A L  D A T A  F C R  T O D A Y ' / l O X , ' M A X I M U M  A I  F  T E  
I M P .  =  ' . F S . l . *  D E C .  F . .  M I N .  =  ' . F 4 . 1 , '  D E C .  F . ' / I C X . ' C A I L Y  S C L A R  
2 R A D I A T I 0 N  =  ' » F 6 . 1 » '  L A N G L E Y S ' / I O X . ' M A X I M U M  P E L .  H U M I T I T Y  = ' , F 5 . 1 .  
3 »  P C T . .  M I N .  R H .  =  ' . F 5 . 1 » '  F C T  .  * / 1 C X  » ' T C T A L  D A I L Y  h I N D  T R A V E L  =  '  ,  
4 F 7 . 2 » '  M I L E S ' )  
3 4  F O R N A T { 7 X » ' T I M E  S I N C E ' . 2 X . ' R L N C F F  F C R ' . S X . ' P R E S E N T ' » 3 X , ' S C I L  L C S E '  
S . l O X . ' P H ' / l l X . ' R U N O F F ' . 7 X . ' S T O R M ' . 5 X , ' R A T E  0 F ' . 3 X . ' T C T A L  F C R ' / I C X .  
S  «  S T A R T E D '  , 8 X , ' ( I N ) ' , 3 X . ' S C I L  L C S S ' . 2 X . ' S  I  K U L  A T  I  C N  '  /  1  3  X  .  '  ( l - R  )  '  .  1 5 X  .  
$ ' ( T / h A  H R ) ' , 6 X . ' ( T / H A ) ' / / )  
3 5  F O R M A T ( ' 0 ' . 2 0 X . ' I N I T I A L  I N P U T  S C I L  M C I S T U R E  C A T A ' / / 1 8 X .  
S  ' S A T U R A T I O N  F I E L D  W I L T I N G  I M T I A L ' / I S X .  
$  '  M O I S T U R E  C A P A C I T Y  P C I N T  S 0 I L ' / 1 4 X .  *  
S S O I L  C O N T E N T  M C I S T U R E ' / 1 3 X .  ' L  
S A Y E R  P E R C E N T  C C N T E N T ' / 1 f i X .  
$  '  B Y  V O L U M E ' / ( 1 4 X , I  3 , 1 X , 4 F 1 0 . 3 ) )  
3 6  F Q R M A T ( 8 X . 2 0 A 4 )  
37 FORMAT(10X,FÔ.2,2X,FL 
38 FORMAT*IHO.LOX,'SOIL' 
,2,2X,G12, 4 •£> ,Fe.2)  
6 X , • S C I L ' » 6 X . ' U N S A T U R A T E D  R A T I O  C F ' /  
PERCENT' 1 1 I X , ' M O I S T U R E  M O I S T U R E  H Y D R A U L I C * , 6 X , ' A C T U A L  T O ' / l I X ,  
2 3 X , ' T E N S I O N  C O N D U C T I V I T Y  P O T E N T  I  A L • / 1  I  X  ,  • B Y • , S X ,  
3 » C M .  W A T E R  C M  . / H R  .  '  , 7 X , ' S C  I L  E V A P . ' / l I X , ' V O L U M E  ( T E N S )  
4 N D T )  '  , a X ,  •  ( A O P E V F ) ' / )  
(CC 
3 9  
AO 
4 1  
4 2  
4 5  
4 6  
C * * *  
C *  
C *  
C * * *  
C *  
C * * *  
1  C C  
6 5  
86 
C *  
C *  
c*  
c*  
c***  
F O P M A T C  l ' / / 2 0 X ,  ' S U B S O I L  D A T A ' / / )  
F O R M A T ! ' 1 ' , / / , 2 0 X , ' S U R F A C E  S C I L  D A T A ' / / )  
F O K M A T ( I H O , 4 0 X , ' P A O ' / 1 9 X , 6 F 6 . 3 / 1 2 X , ' S P E T '  , 2 3 X  ,  ' E T R A T E '  )  
F O P Y A T ( 1 1 X , 7 F 8 . 3 )  
F 0 R V / » T  (  I H  1  ,  1  I X  , ' C U R V E  D A T A  F O R  D E N P E A C  A N C  S H A H »  T Y P E  C U R V E S ' )  
F 0 R M A T ( 5 X , 5 F 1 2 . 2 )  
*** 
*** 
*** 
* * * 
* ** * * *  
I N I T I A L I Z I N G  
* * *  * * *  
*** 
PART 
* * * 
»*• 
** * *** *** 
O F  M A I N  F R C G R A V  
*** 
*** 
* ** *** 
*** 
*** 
* * * ** * * * * * * * 
R E A D ( 5 , 3 0 , E N O = 2 0 0 0  ) T I T L E  
V * R I T E ( 6 , 3 1 ) T I T L E  
R E A D  ( 5 ,  3 0  ) T I  T L E  
D 0 e 6  1  =  1 , 3 6 5  
C O  e s  j = i , 2 C  
E S C I L M ( I , J ) = 0 . 0  
R S (  I  >  =  0 . 0  
T M A X t  I ) = 0  . 0  
T M I N  (  I  )  = 0  . C  
R H V A X ( I ) = 0 . 0  
R H M  I N (  I  ) = 0 . 0  
R A I N ( I ) = 0 . 0  
W I N D (  I )  =  0 . 0  
C O N T  I N U E  
I N I T I A L I Z I N G  V A R I A B L E S  F O R  U S E  I N  S U B R O U T I N E  R E D I S T  
*** 
* 4 *  
*** 
*** * 
* 
* 
*** * 
* 
*** * 
*** *** *** *** *** *** »** *** ** * *** 
* 
* 
* 
* 
* ** * 
R E A D ( 5  t  1  )  N S . N T S »  N T t  N T S S t  N K , N K 2 . S A T K 1  , S A T K 2 t  P C R l  . P C R 2  
1  F O R M A T ( 6 I 5 » 4 F 1 0 . 2 )  
R E A D ( 5  t  2 ) ( S M {  I  )  , T E N S (  I ) , 1  =  1  , N T )  
2  F O R M A T ( 9 F 1 0 . 2 )  
R E A 0 { 5 . 2 ) ( S M S (  I ) , T N S (  I  ) . 1  =  1  . N T S S )  
1 F ( N K  . N E . O )  R E A D ( 5 . 2  )  { S M M (  I ) , C C N O T (  I ) , I = 1 , N K )  
I F ( N K 2 . N E . C )  R E A D ( 5 » 2 )  ( S M M 2 ( I )  , C 0 N D T 2 (  I )  * I  =  1 « N K 2 )  
I F ( N K . E Q . C )  C A L L  U S A T H C ( N T • S V , T E N S . S A T K l  « C C N O T  .  S M M , G  I  N T , F C f i 1  >  
I F ( N K . E Q . O )  N K = 5  
I F ( N K 2 . E Q . C  )  C A L L  U S A T H C < N T £ S  .  S M S , T N S  ,  S A T K 2 , C O N D T 2 . S W M 2 , G I N T . F C R 2 )  
I F ( N K 2 . E Q . 0 )  N K 2 = 5  
R E A D ( 5 »  2 )  ( S A T (  I  ) . 1  =  1  . N S )  
C *  I N I T I A L I Z I N G  V A R I A B L E S  F O R  S U B R O U T I N E  E T  »  
C *  *  
c*** *** ** * * ** * * * ** * * ** * * * *** *•* *•* * 
D A T A  N C . N P C . N P . E V A P T R . A A E T . A P E T . A A E V A P . A A T R A N . A A I N T / 6 . 1 6 . 9 , 0 . . C . . C  
D A T A  C L A I  . P C A T R N / 0  .  . 0  .  /  
CO ee 1=1.NS 
N R T D S ( I  ) = 0  .  
8 8  A T R A K S (  I  ) = 0  . 0  
C * * *  * * *  * * *  * • *  * * *  * *  *  * *  *  *  * *  * * *  * * *  * * *  *  * *  *  
D O  9 E  1 = 1 . N S  
F C ( I ) = O . S * S A T ( I )  
W P C I  )  =  0 . 2 * S A T (  I  )
9 5  C O N T I N U E  
C *  *  
S P E R C C = 0  . C  
C * * *  * *  *  * * *  *  * *  * * *  * * *  * *  *  * * *  *  *  *  * *  *  *  *  *  *  * *  *  
c* » 
C *  I N I T I A L I Z I N G  V A R I A B L E S  F C B  U S E  I N  S U B R O U T I N E  P R E C I P  »  
C *  *  
C * * *  • • •  *  *  *  *  * *  *  *  *  • • •  *  *  *  * *  *  *  *  *  • • •  *  
D A T A  T S T O P . T S T A R T . l E R R . N H . I E I G / 0  .  . 0 . . 0 . 1  0 . 1 /  
C * * *  *  *  *  . * * *  *  * *  *  *  *  * * *  • • •  * * *  * * *  • • •  * * *  *  * *  •  
c* * 
C *  I N I T I A L I Z I N G  V A R I A B L E S  F C R  U S E  I N  S U B R O U T I N E  I N F I L T  *  
c* 
c*** 
$ 
18 
C »  C  
c* 
c*** 
c* 
c* 
c* 
c*** 
c*** 
c* 
c* 
c* 
c*** 
* * *  • • •  • » »  « • *  * * *  • » *  * * *  
D A T A  I N K , 1 0 / 1 , 1 /  
D A T A  C L  »  T S R . Q E X C e S . D E L T Q ,  S D  E L  T F  .  V  C L C P P  , ( i  S T C R  " / ô  .  .  C  .  t 0  .  .  
/  
R E A C ( 5 , 1 0 )  N C G C , T I L T T , D E P T T , E S M I  
F O R Y A T t I 1 0 , 3 F 1 0 . 3 )  
ALIBRATION FACTORS FOR SUBRCUTINE SLOSS. 
T S L F F = 0 .  
REAC(5,7) SL,S,XSS.XVAX.DCDP,CCER,DPSTCR 
ALI8GATICN FACTORS FOR FUNCTION PH. 
READ(5,7) PHS,PHM,DK,DKR 
*** *** ** * ** * *** *** * * * *** 
INITIALIZING VARIABLES FCR USE IN SUBRCUTINE INTCPT 
* 
* 
0 . 
* * * * * * * * * *•* * * * ** * 
D A T A  C R I » D D P « T P I N T / 0 . , C . , 0 . /  
*  * *  * * *  *  * *  *  *  *  *  *  *  * * *  
*** / 
*** * * * 
INPUT PART OF PAIN PRCGPAN 
*** •  *  *  *  **  *  *  **  *  *  *  ** •  ** *  
W R I T E ( 6 , 3 6 ) T I T L E  
R E A D ( S , 6 ) Y E A R , C R O P  
R E A D ( 5 , 5 ) J S T A R T , J S T O P  
J J = J S T A R T - 1  
R E A D ( 5 , 7 )(eSCILM(J J , J I  c.
 
II
 
1  ,NS ) 
D O  4  1 = 1 , N S  
X S M (  I  )=  E S O I L M ( J J . I )  
R E A D ( 5 , 3 ) ( T M A X ( J J ) , J J =  1  , 3 6 5  ) 
R E A D ( 5 , 3 ) ( T M I N ( J J ) , J J =  1 ,  3 6 5  ) 
R E A D ( 5 , 3 ) ( R H M A X ( J J ) , J J  =  1 , 3 6  5 )  
R E A D ( 5 , 3 ) ( R H M I N ( J J ) , J J  =  1 , 3 6  5 )  
P E A C ( S , 3 ) ( R S ( J J ) , J J = 1 ,  3 6 5 )  
R E A D ( 5 . 3 ) ( W I N D ( J J ) , J J =  1  ,  3 6 5  ) 
R E A C ( 5 « 3 ) ( R A I N ( J J ) , J J -1 , 3 6 5  ) 
*** 
•** 
*** 
• •• 
+ * + 
*** 
*** 
»* *  
*  
*  
» 
** * 
»* * 
* 
* 
* 
** .  *  
S 
c* 
c* 
c* 
c*  
c* 
c* 
c * *  
c *  
c *  
c* 
c * *  
H O U R L Y  R A I N F A L L  D A T A  G O E S  A F T E R  T H I S  D A T A  A N D  W I L L  B E  R E A D  I N  A S  
N E E D E D  B Y  S U B R O U T I N E  P R E C I P .  M A K E  S U R E  T H A T  T H E  F I R S T  D A T E  C F  T H E  
H O U R L Y  R A I N F A L L  I N P U T  O C C U R S  A F T E R  J S T A R T .  A N D  A G R E E S  k I T H  T H E  
D A T E  C F  T H E  F I R S T  N O N - Z E R O  V A L U E  O F  R A I N  A F T E R  J S T A R T  
* * * * * * * * * *** *** *** *** *** 
P R I N T O U T  I N P U T  P A R A M E T E R S  F C R  M C D E L  
* * * * * * * 
J J = J S T A R T - 1  
* ** * * * * * * 
h R I T E ( 6 , 3 5 )  (  J I  , S A T ( J I )  , F C  ( J I ) ,  
u) ii 
W R I T E ( 6 , 4 C )  
W R I T E ( 6 , 38)  
B S M  =  C  . 0  
DC lie 1 =1, 4 0  
eSMl= B S M / P O R l  
I F ( B S M 1 . G T .  1 0 0  . ) e s M i  =  1 0 0  . 
I F ( B S M 1 , E Q .  1  0 0  . ) E S M  =  B  S M I  •  P G R  1  
1 5  C O N = E X P ( G I N T C S M M  , C O N D T  «nk ,esy. 
1 6  e T E N Z = G I N T ( sm,  T E N S , N T ,  B S M  1 , 1 1 6  
1 7  A F V A P = G I N T ( S M I  , A O P E V P ,  N P ,  B S M ,  1  
W R I T E ( 6 , 3 7 ) B S M  , B T F N Z , C C N ,  A E V A P  
I F ( B S M l . E Q .  1  0 0  . ) G C  T C  1  1  9  
* * *  * ** * * * 
** * 
*** 
*** 
*** * ** 
00 
0 S M = e S M + 2 . 5  
1 8  C O N T I N U E  
19 eSM=C.  
W R I T E ( 6 . 3 9 )  
W R I T E ( 6 . 3 8 )  
C O  1 2 3  1 = 1 , 4 0  
B S M 1 = B S M / P 0 R 2  
I F ( e S M l . G T . l 0 0 .  )  B S M l = 1 0 0 .  
I F ( B S M l . E Q . l 0 0 . )  e S M = B S M l • P C R 2  
2 1  C O N = E X P ( G I N T ( S M M 2 . C 0 N 0 T 2  » N K 2 . e S M , 1 2 1 ) - 1 0  0 . )  
2 2  B T E N Z = G I N T ( S M S , T N S . N T S S , B S M l , 1 2 2 )  
1  2 3  
1  2 4  
1 20 
C * * *  
C *  
c *  
c *  
c * * *  * * *  * *  *  *  * *  * * *  • * »  
0 0  1  O C O J J  =  J S T A R T t  J S T O P  
C *  
C *  M A J O R  C A L C U L A T I N G  D C  L O O P  N C .  
C *  G C  T H R O U G H  T H I S  L O O P  O N C E  F C R  
C *  
S L i M T f i N  =  0  «  C  
A D E T = 0 . 0  
A D I N T = O . C  
D D E L T F = S O E L T F  
P E R C C = 0 .  
O P E R C C = S P E R C O  
C A C E X = Q E X C F S  
D A E V f P = A A E V A P  
D O  1 5 0  L L = 1 , N S  
Z T R A N ( L L ) = 0  . 0  
1 5 0  C O N T I N U E  
0 0  1 5 1  J I = l . N S  
E S O I L W ( J J  t J I  ) = E S C I L M C  J J - 1  , J  I  )
1 5 1  C S V A E D ( J I ) = E S O I L M ( J J , J I )  
I F ( C R C P . E Q . 1 )  G O  T O  1 5 4  
I F ( C R 0 P . E Q . 2 ) G C T 0 1 5 2  
*** *** 
** * *** * * * *** * * * * * * 
1 
E A C H  D A Y  I N  T H E  S E A S O N  
W R I T E ( 6 . 3 7 )  B S M . B T E N Z t C O N  
I F ( B S M 1 . E Q . l O O . )  G C  T C  1 2 4  
e S ^ = E S M + 2 . 5  
C O N T I N U E  
W R I  T E ( 6 , 4 5 )  
W R I T E ( 6 , 4 1 ) P A D  
W R I T E ( 6 . 6 0 6 )  
0 0 1 2 C 1  =  1  »  1 5  
W R  I  T E ( 6 . 4 2 ) S M E T (  I ) . ( E T R A T E ( I , J ) « J = l . e )  
C O N T  I N U E  
W R I T c ( 6 , 6 C 6 )  
** * * * * * A* A ** * * * ** * *** * * * ** * 
M A I N  E X E C U T I O N  P A R T  C F  P R C G R A M "  
154 CALL PLANKJJ,NRTDS,PCATPN,CLAI,GINT) 
G 0 T C 1 5 3  
1 5 2  C A L L  P L A N T 2 ( J J . N R T D S « P C A T R N . C L A I . G I N T )  
1 5 3  C O N T I N U E  
C *  »  
CT=4.0 
T P  A S T  = <  T M A X ( J J - 3 ) + T M A X ( J J - 2 ) + T M A X ( J J - 1 )  +  T M I N ( J J - 3 ) + T M I N ( J J - 2 )  
1 + T M I N { J J - 1 ) ) / 6 . 0  
C *  »  
C *  W E I G H  M I N I M U M  R E L A T I V E  H U M I D I T Y  T W I C E  A S  M U C H  A S  M A X I M U M .  *  
C *  *  
R H = ( R H M A X ( J J ) + 2 . 0 4 F H M I N { J J ) ) / 3 . C  
CALL PEVAP(JJ.TMAX(J J)«TMIN(JJ),CLA1,RH,RS(JJ),WIND(JJ),TFAST, 
1FE.FET) 
C *  C C N V E F T  D A Y  O F  T H E  Y E A R  T O  M O N T H  A N D  D A Y  C F  T H E  M O N T H  C E S I G N A T I C N  *  
C *  F O R  U S E  I N  P R E C I P  A N D  F O R  D A T E  P R I N T C U T .  *  
C O  1 9 8  I  =  1  .  1 3  
I F ( J J . G T . K O A ( I  ) )  G O T O  1 9 8  
K M C T = I - 1  
D A Y T = J J - K D A ( I - l )  
G O T O  1 9 9  
1 9 8  C O N T I N U E  
1 9 9  C O N T I N U E  
W R I T E < 6,a ) M O N T H ( K M O T ) , O A Y T , Y E A R  
WRITE(6.33)TMAX(JJ)«TMINC JJ ),RS(JJ),RHMAX(JJ)*RHMIN(JJ),*INC(JJ) 
WRITE(6t612)CLAI* PCATRN.(NRTDS(JJJ)•JJJ=1•NS) 
C *  I F  T H E R E  I S  N O  R A I N F A L L  O N  T H I S  D A Y  D C  N O T  C A L L  P R E C I P .  *  
I F ( R A I N ( J J ) . L E . O . 0 ) G O T 0 2 0 0  
T S R S = 0 .  
CALL PRECIP(KMOT.DAYT#YEAR.IE1 G.NH.DELTP.I ERR.TSTART.TSTCP.R 
1AIN(JJ)) 
C »  I F  A N  E R R O R  W A S  D E T E C T E D  I N  T H E  S E Q U E N C E  C F  I N P U T  P R E C I F  D A T A ,  »  
C *  T E R M I N A T E  E X E C U T I O N .  »  
I F < l E R R . E Q . l ) G O T 0 2 0 0 0  
W R I T E ( 6 , 3 4 )  
2 C 0  C O N T I N U E  
C * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  * * *  *  * *  *  
C C 5 9 Ç  I T  1  =  1 t  6  
C *  *  
C *  M A J C P  C A L C U L A T I N G  C C - L O C P  N C .  2  *  
C *  T H I S  L O O P  I S  E X E C U T E D  C N C E  F C R  E A C H  F C U R - h O U R  P E R I O D  D U R I N G  T H E  *  
C *  C A Y .  *  
C *  T h i s  I S  T H E  L O N G E S T  T I M E  F E P I C D  U S E D  F O R  C A L C U L A T I O N S  I N  T H E  *  
C *  P R O G R A M .  *  
C *  *  
C *  I F  N O  R A I N F A L L  O C C U R S  F C «  T H I S  D A Y ,  C R  N O  R A I N F A L L  O C C U R S  *  
C *  D U R I N G  T H I S  4 - H O U R  P E R I O D .  G C  T O  S C O  A N C  M A K E  C A L C U L A T I O N S  C N L V  *  
C *  O N  T H E  4 - H O U R  T I M E  I N T E R V A L .  C T h E R h l S E  E N T E R  W A J O P  D O - L O C P  N C . 2  *  
C *  A N C  R E D U C E  T H F  T I M E  I N T E R V A L  T C  1 . 0  H O U R .  *  
I F { q A I N (  J J )  . L E . O . O G O T O S O O  
T I M E = D T * I T l  
I F ( T I M E . L E . T S T A R T . O R . T I M E . G E  . T S T O P  +  D T  ) G O T C 5 0 0  
C * * *  *  *  *  *  *  *  *  * *  *  *  *  *  *  *  *  *  *  * * *  *  *  *  * * *  *  *  *  *  * *  *  
C C 4 9 Ç I T 2 = 1 , 4  
C *  *  
C *  M A J C R  C A L C U L A T I N G  D C - L O O P  N C  .  1  *  
C *  T H I S  L O O P  I S  U S E D  O N L Y  O N  D A Y S  D U R I N G  W H I C H  R A I N F A L L  O C C U R S .  *  
C *  I N  T H I S  L O O P  T H E  T I M E  P E R I O D  I S  R E D U C E D  T O  O N E - H O U R  I N T E R V A L S .  »  
C *  T H I S  T I M E  I N T E R V A L  W I L L  B E  F U R T H E R  R E C U C E C  I F  R A I N F A L L  A C T U A L L Y  *  
C *  O C C U R S  D U R I N G  T H I S  H O U R .  *  
C *  *  
D T =  1  .  
T I M E = ( I T l - l . ) * 4 . + I T 2 * l .  
C *  I F  N C  R A I N F A L L  O C C U R S  D U R I N G  T H I S  H O U R ,  G C  T O  4 0 0  A N D  M A K E  A L L  *  
C *  C A L C U L A T I O N S  U S I N G  T H E  1 . 0  H O U R  T I M E  I N T E R V A L .  C T H E R H k l S E  E N T E R  *  
C *  M A J O R  D O - L O O P  N C . 4  A N D  R E D U C E  T H E  T I M E  I N T E R V A L  T C  l . C / N H  H O U R S .  *  
I F ( T I M E . L E . T S T A R T . O R . T I M E . G E . T S T O P + D T ) G O T 0 4  0 C  
1 0 = ( T I M E - 1 ) * N H  
R S U M = 0 . 0  
I C C = I C + 1  
I R T = I C + N H - 1  
D O  2 5 0  I R =  I C C , I R T  
P S U f = R S U M + D E L T P ( I R )  
2 5 0  C O N T I N U E  
I F ( R S U M . L E . O . C ) G C T C A O G  
D T = 1  , / N H  
C*** *** ** * * ** * * * ** * »** *»k* * * * *** *** * ** * 
D G 2 9 S I T 3 = 1  *  N H  
C *  •  
C *  M A J C R  C A L C U L A T I N G  C C - L C C P  N C  •  4  *  
C *  T H I S  L O O P  U S E S  T I M E  I N T E R V A L S  O F  l / N H  H C U R S  T O  C A L C U L A T E  *  
C *  I N T 5 R C E P T I C N ,  I N F I L T R A T I O N ,  R U N C F F ,  A N D  S C I L  V C I S T L . R E  •  
C *  M O V E M E N T  D U R I N G  P E R I O D S  O F  A C T U A L  R A I N F A L L .  *  
C *  *  
I C = I C + 1  
I N C  I  =  1  
C A L L  I N T C P T ( C L A I  . C E L T P ( I C ) . D F I N T , T P I N T , O C P , I N C  I f C T . D R I  )  
D E L P = D E L T P ( I C ) / 3  . 
C 0 P  =  C D P / 3  .  
C R I = C R I / 3  .  
C T  =  C T / 3  .  
D * A T = ( V O L D P R + D D P  +  C R I  )  * 2 . 5 4  
I F ( C k A T . L T . O . 0  1 )  G C  T C  3 9 8  
D C  I C  J G = 1 . 3  
T T T = T S R  
C A L L  I N F I L T ( D D P ,  C T  , D E L T F , D E L T Q . C S T C R W , C E X C E S , V C L C F R , C P S T O R , £ C E L T F  
Î I N K ,  I C . G I N T , S A T K l . S A T K 2 . P C R 1 . P C R 2 . N C G C , T  I L T T , D E P T T , D R I , E E M I , T T T )  
T S R S = T S R S + D T  
I F ( C E L T Q . E Q . O . )  T S R S = 0 .  
C A L L  £ L O S S ( T S L F P , P R O S L . S L , S  . D E L T Q . C T • C E L P  . G S T O R M , T S R . X M A X • C C C F . X £  
Î  S . C C E R )  
X  =  P » -  ( T S R . O E L P . O K R  , D K  , F H S , P H V  )  
I F ( D E L T P {  I C >  . N E . O  .  )  T S R = 0 .  
C A L L  R E O I S T (  1 0  , P E R C O , S F E R C C , C T . G I N T )  
1 0  C O N T I N U E  
DDP=C. 
D R  I  =  C  •  
I F ( T S R S . N E . O . >  W P I T E ( 6 . 4 6 )  T S f i S , G S T O R M , P R C £ L t T S L F P , X  
3 9 8  D T = D T * 3 .  
C A L L  I N T C P T ( C L A I , C E L T P ( I C ) . C P  I  N T . T P  I N T * 0 C P . I  N C I , D T , D R  I  )
I F ( D E L T P (  I C )  . E G . O  .  )  T £ R = T S R + C T  
3  9 9  C O N T I N U E  
C *  
C *  
C *  
E N D  C F  M A J O R  C C - L C O F  N C .  4  
* 
* 
* 
G 0 T C 4 9 9  
4 C 0  C O N T I N U E  
T S R =  T S P  +  D T  
T S R £ = C .  
D O  4 C 1  J G  =  l  *  3  
D R I  =  C R I / 3  .  
C T  =  C T / 1  .  
T T T = T S R  
D W A T = ( V C L D P R + D D P + D P I)*2.54 
I F ( D V k A T . L E . C  . 0 1  )  G C  T O  4 C 2  
C A L L  I N F I L T ( O O P . C T  •  O E L T F , D E L T G  .  G S T O R M  ,  C E  X C E S . V C L D P R , D P S T C R »  £ D E L T F .  
S  I N K ,  I C .  G I N T . S A T K 1 , S A T K 2 , P 0 R 1 « P C R 2 , N C G C » T I L T T » 0 E P T T , D R I . E S « I . T 1 T )  
4  C 2  1 0  =  1  
4 0 1  C A L L  R E D I S T (  l O . P E R C O t S P E R C C t D T , G I N T  )  
C D P = r .  
D R  I  =  C  .  
4 9 9  C O N T I N U E  
C *  *  
C *  E N D  O F  M A J O R  D C - L O O P  N C .  3  *  
C *  *  
5 C C  C O N T I N U E  
T S R = T S R + D T  
T S R S = 0 .  
T T T = T S R  
C * A T = ( V O L D P R * D D P + D R I ) * 2 . 5 4  
I F ( D k A T . L E . O . O l )  G C  T C  5 0 2  
C A L L  I N C I L T ( D D P , D T ,  D E L T F , D E L T C  .  G S T O R M  ,  C E X C E S  » V C L D P R , D P S T O R . S C 5 L T F ,  
S  I N K  ,  I C »  G I N T • S A T K l , S A T K 2 , P 0 R 1 , P C R 2 . N 0 G 0 , T I L T T . D E P T T , O R  I . E S M I , T T T )  
D D P = C .  
D R  I  =  C  .  
5 0 2  1 0 = 1  
0 T  =  D T / 4  .  
G C T C E S e  
C O  E C l  J G = 1  *  6  
5 C 1  C A L L  R F O I S T (  I Q , P E R C O » S P E R C C . O T , G I N T  )  
5 9 8  C T = 4 ,  
C A L L  E T ( T P I N T . N P , P C A T K N , N R T C S , A T R A N S , E V A F T R . P E T (  I T l ) , A A E T .  
1  A P E T » A A E V A P , A A T R A N , A A I N T , C L A I , N P C » N C • G  I N T , G I N T 2 • D T ,  
2  S L M T R N . A I N T . A E T , V C L D P B )  
A D E T = A D E T + A E T  
A D I N T = A O I N T + A I N T  
D C 5 5 C L L = I , N S  
Z T R A N ( L L ) = Z T R A N ( L L ) + A T K A N S { L L )  
5 5 0  C O N T I N U E  
5 9 9  C O N T I N U E  
C *  *  
C *  E N D  O F  M A J O R  C C - L C O P  N C .  2  *  
C *  »  
O O E L T F = S D E L T F - D D E L T F  
D P E R C O = S P E R C O - D P E R C O  
D A C E X = Q E X C E S - O A Q E X  
A A T R A N = A A T R A N + S U M T R N  M  
D A E V A P = A A E V A P - D A E V A P  w  
C O  5 5 1  1 = 1 . N S  
5 5 1  C S M A E O <  1  ) - E S Q I L M ( J J , I ) - C S M A E O < I  )  
C * * *  *  *  *  * * *  *  * *  *  *  *  * * *  * * *  » * *  * *  *  * * *  *  *  *  4  4 *  *  
C *  * 
C *  P R I N T  C U T  R E S U L T S  F C R  T H E  C A Y  *  
C *  * 
C*** * * # * * * * ** *•» * * * ** * *** * * * *** * * * * ** * 
612 F0RMAT(11X ,'CROP LEAF AREA INDEX (CLAI ) = *,G11.3/ 
I  1 1 X » « P E R C E N T  A C T I V E  C A N O P Y  ( P C A T R N )  =  •  . G  1 2 . 4 / 1 1 X . • R C C T  S Y S T E N  C I S  
? T R i e U T I O N * /  3 { 6 X . 7 C 2 X . F 7 , 1 ) / ) )  
W R I T E ( 6 » 6 0 1 ) P E . A P E T  
6 0 1  F C R M A T ( I H O . 1  O X , • T O T A L  P O T E N T I A L  E V A P O R A T I C N  T O D A Y  ( P E )  = * , 6 1 3 . 5 »  
1 '  I N C H E S ' / 1 2 X , * A C C U M U L A T E D  ( A F E T )  =  * , G 1 3 . 5 , '  I N C H E S * )  
W R I T E ( 6 , 6 C 2 ) A D I N T , A A I N T  
6 0 2  F O K M A T d l X  , ' I N T E R C E P T I O N  E V A P O R A T I O N  T O D A Y  ( A D I N T )  =  * , G 1 2 . 5 ,  
1 *  I N C H E S . ' / 1 2 X , ' A C C U M U L A T E D  ( A A I N T )  =  ' , 0 1 3 . 5 , '  I N C H E S ' )  
W R I T E ( 6 , 6  0 3 ) D A E V A P , A A E V A P  
6 0 3  F C f i V A T d l X  , " A C T U A L  S O I L  E V A P O R A T I C N  T C C A V  ( D A E V A P )  = ' , G 1 2 . 4 ,  
A «  I N C H E S . ' / l O X , '  A C C U M U L A T E D  S E A S O N A L  S C I L  E V A P  .  ( A A t V A F  )  =  •  , G  1 2  .  4 ,  
3  •  I N  .  • )  
V » R I T E ( e t 6 C 7 ) S U V T K N , A A T P A N  
6 0 7  F O R M A T C l l X  , ' T O T A L  T R A N S P I R A T I O N  T C D A Y  ( S U M T R N )  =  ' , G 1 2 . 5 ,  
I '  I N C H E S » / I  2 X .  • A C C U M U L A T E D  ( A A T R A N )  =  ' , G 1 2 . 5 , '  I N C H E S ' )  
W R I T E ( 6 , 6 0 8 ) A D E T , A A E T  
6 0 8  F O R M A T d l X  , ' T O T A L  E V A  P C T R A N S P i R A T I C N  T O D A Y  C A D E T )  =  ' , G 1 2 .  =  ,  
1 '  I N C H E S * / I 2 X , ' A C C U M U L A T E D  ( A A E T )  =  ' ,  G 1 3 . 5 , '  I N C H E S ' )  
V k R l  T E  (  6 . 6  0 9 )  D D E L T F  . S D E L T F  
6 C 9  F O R V A T ( I H O ,  I  O X . '  I N F I L T R A T I C N  T C D A Y  ( C C E L T F )  =  ' , G 1 3 . 5 , '  I N C H E S ' /  
1  1 2 X , ' A C C U M U L A T E D  ( S D E L T F )  =  ' , G 1 3 . 5 , '  I N C H E S ' )  
W R I T E ( 6 . 6 1 3 ) T P I N T  
6 1 3  F Q R M A T ( 1 1 X » ' D E P T H  C F  W A T E R  O N  P L A N T  S U R F A C E S  ' / 1 2 X , ' A T  T H E  E N C  O F  
1  T H E  D A Y  =  ' , G 1 3 . 5 , '  I N C H E S ' )  
H f i I T E ( 6 » 6 1 4 ) V C L D F R  
6 1 4  F 0 R M A T ( 1 1 X , ' D E P T H  O F  W A T E R  I N  S U R F A C E  D E P R E S S I O N S  A T  ' / 1 2 X , ' T H E  E N  
I D  O F  T H E  D A Y  =  ' . G 1 3 . 5 » '  I N C H E S ' )  
W R I T E ( 6 , 6 1 0 ) O P E R C C  ,  S P E R C O  
6 1 0  F O K M A T C l l X  , ' D E E P  P E R C O L A T I O N  T O D A Y  ( C P E P C O )  =  '  »  F  f : .  4  ,  '  I N C H E S  
1  ' / 1 2 X ,  ' A C C U M U L A T E D  F O R  T H E  S E A S O N  ( S P E R C O )  =  ' . F 8 . 4  . '  I N C H E S ' )  
WRITE (6,6 11 )DAGEX,G!ZXCES 
6 1 1  F O R M A T t I H C , 1  O X , ' R L N O F F  T O D A Y  = ' , F 8 . 3  , '  I N . ,  S E A S O N  T C T A L = * ,  
1 F 5 . 2  , '  I N . ' )  
W R I T E ( 6 , 6 0 4 )  
6 0 4  F O R M A T ( ' 0 ' , P X , ' 5 0  I L  M O I S T U R E  C H A N G E  C F  D A I L Y ' /  
S l O X ,  ' I N  E A C H  R O O T  S O I L  M O I S T U R E  T R A N S P I R A T I O N * /  
t l O X ,  ' Z O N E  A T  T H E  I N  E A C H  Z O N E  F R O M  E A C H ' /  
$ 1 0 X ,  ' E N D  O F  D A Y  ( I N C H E S )  S O I L  Z O N E ' /  
$ 1 0 X ,  '  ( I N C H E S )  ( I N C H E S ) ' / )  
W R I T E ( 6 , 6 0 5 )  ( J I , E S O I L M ( J J , J I ) , C S M A E D ( J  I )  , Z T R A N ( J I ) , J I  =  1 , N S )  
6 C 5  F O R M A T ( I O X , I 2 , 3 X , F e . 3 , Ç X , F l C . 5 , 5 X , F l C . 5 )  
W R I T E ( 6 , 6 0 6 )  
6  0 6  F O R M A T (  l O X ,  ' * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
1 ********' ) 
1 0 0 0  C O N T I N U E  
C* * 
c*  E N D  C F  V A J C P  D C - L C C P  N C .  1  »  
C *  *  
G O T C I C O  
2 0 C O  S T C P  
E N D  
C * * *  * * *  * *  *  *  * *  • • •  * *  *  * *  *  * * *  *  *  *  * * *  * * *  *  * *  *  
B L C C K  D A T A  
C O M M C N / A B L O C K / E S O I L M ( 3 6 5 . 2 0  )  • S A T C  2 C  >  »  S M <  2 0 ) , S y M ( 2 0 )  . C C N D T ( 2 C  )  « £ M S (  
$ 2 0 ) , S M M 2 ( 2 0 ) . C 0 N D T 2 ( 2 0 ) , T E N S ( 2 0 ) , T N S ( 2 0 ) , J , N T S , N S , D L , N T , N T S S « N K , N K  
$ 2  , W P < 2 0 )  , S M E T C 1 6 ) , P A C { 6 ) , E T P A T E ( 1 6 . 6 ) , S M 1 ( 9 )  , A O P E V P ( S ) , F C ( 2 C )  t X S V  
$(20) 
D A T A  S M E T / 0 « 0 * 0 * 0 5 * 0 * 1  , » 1 S , * 2 *  # 2 5 $  « 3 , * 2 5 , « 4 $  * 4 5 , « 5 ,  « 6 , « 7  $  » G #  * E 5 ,  
A  1 . 0 /  
D A T A  P A D / C * 0 , 0 * 0 5 , 0 . 1 5 . 0 . 3 5 . 0 . 5 5 ,  1 . 1 /  
D A T A  E T R A T F / 3 2 »  1  . , * 3 6 ,  * 4 9 , . 6 2 , * 7 8 . . 6 9 . . 9 2 . . 9 6 . . 9 7 , . 9 8 . . 9 6 5 , . S S ,  
A * 9 9 5 . 4 * 1 * , . 1 4 , . 1 8 , . 2 1 , . 3 0 . . 2 9 , * 5 2 . . 6 5 . . 7 6 . . 8 4 . . 9 1 . . 9 4 . . s e . . s e e .  
E).9 9 5 . 2 * 1 * . * 0 5 . * 0 9 . . 1 3 , . 1 8 . . 2 4 . . 2 2 . . 4 . . 4 9 . . 5 8 , . 6 6 . . 7 3 . . 6 5 . . 9 5 . . s e .  
C . 9 9 5 , 1 * , 1 6 * 0 * 0 /  
D A T A  A O P E V P / 0 . . 3 . . 7 . . 2 1 . . 4 5 . , 7 5 . , 8 8 . . I C O . , 1 0 0 . /  
D A T A  S M 1 / C * . 2 0 * . 2 7 . 5 . 3 C . . 3 2 . 5 , 2 5 . . 3 7 . 5 . 4 C . . 5 C . /  
E N D  
C* * ** ••• *** *** »»• **• •*» ••• *** * * * * 
S U B R O U T I N E  U S A T H C < N , S M f , T E N S , S A T K . C C N D T . h 2 C . G I N T . P 0 R )  
C * * *  » • *  *  *  *  » • »  * » «  * • #  * » •  • » *  * * *  * * *  * * *  *  * *  
c*  
c*  T H I S  S U B R O U T I N E  U S E S  T H E  N- I L L  I N G T O N - CU I RK N E T H C D  A S  N C C I F I E C  
C *  3 Y  K U N Z E . U E H A R A .  A N C  G R A H A M  ( 1 9 6 8 )  T C  C O M P U T E  U N S A T U R A T E D  H Y C R A L L I C  
C *  C O N D U C T I V I T Y  F R O M  S A T U R A T E D  H Y D R A U L I C  C C N C L C T I V I T Y  A N C  M O I S T U R E  
C *  T E N S I C N  D A T A .  
C *  
C * * *  » » *  * *  *  *  * *  • * *  • • *  * * *  * * *  *  * *  * * *  • • •  *  * *  
D I M E N S I O N  S M M ( N )  .  T E N S (  N )  .  U S  A  T K  <  5 0  )  .  H H  (  5 )  .  I » C (  5  ) .  C C N D T  (  5  ) .  H 2 C  C  5  )  
D O U B L E  P R E C I S I O N  S U M  
D A T A  P . T . G . R O . V A / 1 . . 7 2 . , 9 7 8 . . ! . . 0 . 0 1 /  
N D = 5  
X = N C  
B = ( 2 0 . * T * T / ( R O * G * V A * X * X ) ) * 6 C .  
c  
C W = ( S M M ( N ) - S M M ( l  )  ) * P Q R / X  
W C (  1  )  =  S M M (  N )  * P 0 R - D V l i / 2  .  
K = N D - 1  
D O  1 C  1 = 1 , K  
I C  * C {  I • 1  ) = W C {  I  ) - D W  
0 0  2  1 = 1 , N D  
X = W C ( I ) / P G R  
2  H H ( I ) = G I N T ( S M M , T E N S , N , X , 2 )  
C  
D O  4  1 = 1 » N D  
£ U V  =  C  .  
C C  5  J = I , N O  
5  S U V  =  S U M + ( 2 * J  +  1 -  ? * I  ) / ( H H ( J ) » H H ( J )  )  
4  U S A T K  (  I  )  = B * S U M * (  V t C (  I  )  /  1 0 0  .  )  • » F  
C  
C O N S  1  =  S A T K / U S A T K (  1  )  
C O N C T ( N O ) = A L O G ( U S A T K ( 1 ) ) + l C C .  
C O  6  1 = 1 , N D  
6  C O N D T ( I ) = A L O G ( C O N S T * U S A T K ( N C + 1 - I ) ) + 1 C 0 .  
H 2 Q (  1  )  =  S M M ( 1  ) * P O R  
H 2 C ( N D ) = S M M ( N ) f P C R  
D O  7  1  =  2 , K  
7  H 2 0 {  I  ) = W C ( K  +  2 -  I  )  
R E T O R S  
E N D  
S U B R C U T I N E  I N F I L T ( D D P , C T , D E L T F , C E L T C , C £ T O K M , G E X C E S , V C L D P P , D P S T C f i , S  
S D E L T F , I N K , 1 0 , G I N T  , S A T K l , S A T K 2 , F C R 1 . P C R 2 , N C G O , T I L T T . D E P T T , D R I  , E E P  
S  I  , T S R  )  
C 0 M V C N / A B L 0 C K / E 5 0 I L M ( 3 6 5 , 2 0  )  , S A T ( 2 C  )  , S M (  2 0  > , S f M ( 2 0 )  , C C K O T ( 2 C  )  , S M S (  
$ 2 0 ) , E M M 2 ( 2 0 )  , C O N O T 2 ( 2 0 ) , T E N S <  2 0 ) , T N S ( 2 0 )  , J  •  N T S , N S , D L , N T , N T S S . N K , K K  
S 2  , W P ( 2 0 )  , S M F T ( 1 6 ) . P A D ( 6 ) , E T R A T E ( 1 6 . 6 ) , S M 1 ( 9 )  . A C P E V P ( 9 )  , F C ( 2 0 )  . X S N  
$ ( 2 0  )  
C*** * * * ** * * * * * * * * * * ** * * ** * * * ** * * * * * ** 
C *  
c *  T H I S  S U B R O U T I N E  U S E S  T H E  D E R I V E D  E Q U A T I O N  O F  P A R T  2  T O  
C *  C O M P U T E  I N F I L T R A T I O N .  A  S U R F A C E  P A R A M E T E R  E S  I S  U S E D  T O  R E L A T E  
C* INFILTRATION TO SURFACE VARIABLES. 
C* 
C*** * ** *** * ** *** ** * *** *** *** * ** 
DIMENSION D( 21 ) .THAI ( 20) tT|-A2( 20 ) ,SMO( 21 ) . SMT A ( 20 ) « SMTE ( 20 ) 
IF( INK.NE.I ) GO TC I 9 
DATA G.AEC/978..0 .Ç/ 
Fl=CL/lCO . 
C(1)=C. 
CO 2 1 1=1,NS 
21 D(I+l)=(DL*(I+l)-CL/2.)*2.54 
C* 
C* THF NEXT SECTION COMPUTES AVERAGE POROSITY FCP THE PKCFILE SECTIONS. 
C* AT PRESENT TWO SECTIONS IN THE PROFILE ARE ASSUMED. 
APFP 1=0 . 
DC 5 1=1.NTS 
5 APFPl=AOFPl+SAT(I) 
APFPl=APFP1/(NTS*100.) 
APFP2 = 0 . 
NSe=NTS+l M 
DO t  I=NSB«NS ^ 
6 APFP2 = APFP2 + SAT( I ) 
APFP2 = APFP2/((NS-NTS>»100. ) 
C* 
C* THE FOLLOWING TWO STATEMENTS COMPUTE THE INFILTRATION CONSTANT 
C* FOR EACH PROFILE SECTION. 
CST1=SATK1/APFP1 
CST2=SATK2/APFP2 
C* 
C* THE NEXT SECTION COMPUTES THE AVERAGE CAPILLARY CURVE AT THE GETTING 
C* FRONT USING THE METHOD OF BCUWER (1966) AND MEIN AND LARSON (1S73). 
C* THEIR METHOD HAS BEEN MODIFIED TO MAKE THE AVERAGE CAPILLARY 
C* SUCTION A FUNCTION OF SOIL MOISTURE AS WELL AS VARIABLES CF 
C» CAPILLARY TENSION AND HYDRAULIC CONDUCTIVITIES. 
THA1(NT+1)=0. 
SMTA(NT+1)=SMCNT) 
NTAl=NT-1 
SUM=C. 
CC 14 I=1.NTA1 
X=£V(M+1-I )*PCR1 
Y=SW(NT-I)*P0R1 
50 SUM = SUM+ ( (EXP( G INT ( SM M , COND T , NK • X . =0-1 00.)+EXP(GINT( SMf .CCNCT ,NK 
S,Y, 5l)-lC0.))/2.)*(TENS< NT-I )-TENS{NT + 1-I)) 
SWTA(NT+l-I)=(SM(NT+l-I)+SM(NT-I))/2. 
14 THAI(NT+1-I)=SUM/SATK1 
SMTA(1)=SM(1) 
THAI(1)=THA1(2) 
NTAl=NT+1 
THA2(NTSS+1 )=0 . 
SMTE(NTSS+1)=SVS(NTSS) 
NTA2=NTSS-1 
suv=c. 
CO 15 I=1,NTA2 
X=SM£(NTSS+1-I)*PCR2 
Y=SM£(NTSS-I)*P0R2 
52 SUM = SUM+( (EXP(G INT(SMM2» CGNCT2 ,NK2,X f 52 )-lCO.)+EXP(GINT(.CCNC 
$T2,NK2,Y, 53)-IOC.))/2.)»(TNS(NTSS-I)-TNS(NTSS+l-I)) M 
SMTe(NTSS + l-I)=(SM£(NT£S+1-I ) + SVS(NT££-I ))/2. S 
15 THA2(NTSS+1-I)=S0M/SATK2 
SMTB(1)=SMS(1) 
THA2(1)=THA2(2 ) 
NTA2=NTSS+1 
C* 
ES=-13. 
INK = C 
IFLAC=0 
VOL=C. 
CELTF=0. 
19 IFCDELTQ+VOLDPR.GT.O.) GC TC 2 
IF(IFLAG .EQ.1) GC TO 2 
C* 
C *  THE NEXT STATEMENT PREVENTS RAINFALL APCUNTS LESS THAN POTENTIAL 
C* INFILTRATION AMOUNTS "INTERMITTENT RAIN" FROM STARTING A NEte 
C* WETTING FRONT IF TINE SINCE LAST RAINFALL IS LESS THAN ONE kCLP. 
IFCTSR.LE.l.) GO TO 2 
CI =8 . 
SUML=0.1 
IF(TILTT)29,29,2e 
28 VOL=C. 
00 3C 1=1,NS 
IF(DEPTT.GE.DL*I) VOL=VOL+AEC»SAT(I)*F1-ESCIL^(J»I) 
30 IF(DEPTT.GT.DL*(I-l).AND.DEFTT.LT.DL*I) VCL=VCL+(AEC*SAT<1)•Fl-E 
$ ILM(J»I) )*(OEPTT-CL*( I-l)) 
29 SMD(I) = ESOILM{J. 1 ) 
10=1 
2 CO 1 I=IC»NS 
1 SMO( I+l )=ESOILM(J » I) 
NG=N£+1 
OELTP = OOP+OR I 
0*AT=(V0LDPR+DELTF)*2.54/DT 
IC2 SMAD = GINT(D,SMO,NS»SUML.102 ) 
103 SMDS=GINT(D.SAT»NS,SUML.103 ) 
FW=AEC*SMDS/100.-SyAO/CL 
C* 
C* THE NEXT SECTION COMPUTES THE HEAD TG BE USED IN THE INFILTRATION 
C* ECUATICN. 
IF( IC.GT.NTS) GO TO 3 
SMAD=(SMAD/OL)*10C. 
104 H=VCLDPR*2.54 + GINT(SMTA,THA1«NTA 1.SPAD.1 C4 ) 
GO TC 4 
3 H = VCL0PR*2.54+GINT(SMTE»THA2.NTA2,SMAD»3 > 
C* 
C* THE NEXT SECTION COMPUTES A WEIGHTED AVERAGE INFILTRATION 
C* CONSTANT FOR THE PRESENT WETTED FRONT PCS IT ION. 
4 IF(( IC-NTS).LE .0 ) GO TC 7 
CSTA=(CST1*NTS+CST2*(IC-NTS))/IO 
GO TC 8 
7 CSTA=CST1 
C* 
C* THE SUBROUTINE SURF IS CALLED NEXT TC EVALUATE THE PARAMETER ES 
C* USED IN THE INFILTRATION EQUATION. 
8 CALL SURF(ES,ODP,DELTF,DT,SUNL.TILTT.VCL «TSF» CSTA.FW.h, 
$ESMIFNOGO.D1TIFLAG) 
C* 
C* THE P C T E N T I A L  INFILTRATION RATE IS COMPUTED IN THE N c X T  S E C T I O N .  
CO 9 1=1,10 
CIC=CI 
DI=C£TA*FW*(H/SUML+1.-ES*DI*DI/(2.*G*SUML)) 
C* 
C* USING A FUNCTION FCR SURFACE EFFECTS REÇU 1RES ITERATION TO GET 
C* OI. IF ES IS POSITIVE THE ABOVE EQUATION WILL CONVERGE TO A 
C* SOLUTION. IF ES IS NEGATIVE, HOWEVER, THE EOLATION WILL NOT 
C* CONVERGE AND THE ITERATION IS NOT PERFORMED. 
IF(E£.LT.O.> GO TO 10 
IF(AES(DIO-DI) .LE .0.1 ) GO TO IC 
1F(CI.LT.0.> DI=C.001 
9 CONTINUE 
C* 
C* THE ACTUAL INFILTRATION RATE IS NOW COMPUTED. 
10 IF(DWAT.LE.DI) OI=DWAT 
IF(SLML.EG.0.01) SUML=C. G 
DELTF=DI*DT/2.54 O 
DELTC=(OWAT-CI)*DT/2.54 
IF(FW.EQ.O.) GC TO 40 
SUML=SUML+OI*DT/FW 
IF(SUML.LT.0.01) SUML=0.010C1 
C* 
C* IF DI IS ZERO, WE LOOSE THE ABILITY TO PREDICT SUML USING THE 
C* ABOVE RELATIONSHIP. WHEN THIS HAPPENS, WE NEED TO SEARCH FROM 
C* THIS DEPTH DOWNWARD UNTIL A LAYER IS FOUND WITH LESS MOISTURE THAN 
C* THE DEFINED DEGREE OF SATURATION. 
IFFCI.NE.O.) GC TO 11 
40 DO 12 I=IO,NS 
12 IF(ESOILM(J,I) .LT.AEC«SAT( I )*F1) GC TO 13 
13 SUML=(DL*I-DL/2.)*2.54 
11 SUMI=SUML/2.54 
IC=SUMI/DL+2. 
C* 
C* IF THE PROFILE BECOMES SATURATED, THE NEXT TWO STATEMENTS FIX THE 
c *  O E P T H  OF WETTED F R C N T  AT THE LCKEST SC IL SEGIMENT. 
IF(IC.GE.NS) IC=NS-L 
IF(IC.EQ.NS-L) SUWL=IC*DL*2.S6 
DC 2C I=1»NS 
IF(SUMI .GE.DLTL) ES3 ILM(J.I )=AEC*SAT( I )*F 1 
IF(SLMI.GT.3L*( I -1 ).AND.SUPI.LT.DL*!) ESCILM(J,I)=ESCILVCJ»1>4CELT 
5 F  
IF(XSW(I).LT.ES01LM(J,I)) XSV(I)=ESCILM(J,I) 
20 CONTINUE 
I F ( D E L T Q - D P S T O R )  1 6  »  1 6 . 1 7  
16 VOLCPR=OELTQ 
DELTC=0. 
GO TC 13 
17 VCLDFR=DPSTOA 
OELTC=OELTQ-VOLOPR 
QEXCES=QEXCES+DELTC 
CSTCRV=GSTCRM+DELTQ 
18 SDELTF=SOELTF+DELTF 
R E T U R N  g  
END 
SUBPCUTINE SURFCES.ODP.DELTF.DT.SUML.TILTT.VOL ,TSR, CSTA 
S,FW»H.ESMI«NOGC.DI .IFLAG) 
C*** *** *** * ** *** ** * *** *** * * * *** ** * *** 
C* 
C* THIS SUBROUTINE DETERMINES A SURFACE EFFECT FACTCF AS A FL^CTICN 
C* OF THREE 3ASIC VARIABLES: TIME SINCE LAST RAIN. TILLAGE, ANC 
C* RAINFALL INTENSITY. 
C* 
C*** * * * * * * * ** * * * * * * * * * * ** * * * *** * * * * ** 
DATA A.B/-50.,-10C./ 
DATA G , T V O L / 9 7 e . O . C . C /  
C=.05 
IF(NCG0)7,8,7 
8 ES=C. 
RETURN 
C* 
C* THIS SECTION ADJUST ES BETWEEN RAINS DUE TO CRACKING AND CTHEP 
c* EFFECTS CF DRYING. 
7 IF(TSR)5.5,6 
6 IF( IFLAG .EQ. 1 ) GO TO 3 
ES=-13. 
IF( TSR.GT.24 .*f5. ) ES = A 
IP(TSR.GT.?4.*I0.) ES=B 
C* 
C* THIS SECTION ADJUSTS ES BETVkEFN RAINS DUE TC TILLAGE TKEATNEhTS. 
K=1 
IF(T ILTT.GT.0. ) K=-L 
DFILL=0 . 
TVCL=0. 
3 TSR=C. 
5 IF( T ILTT) 1,1,2 
2 DFILL=0FILL+DELTF*2.54/FW 
IF(CFILL .NE.0. ) SUML = DFILL 
ES=2.*G+SUML*(H/SUML+1.-FSyi/(CSTA*Fk))/(ESMI*ESyi) 
OI=ESMI 
K=K+ 1 
TVCL=TVCL+DELTF 
IFCTVCL.GT.VOL) TILTT=C. 
IF(TILTT.EQ.O.) IFLAG=C 
C* 
C* This SECTION ADJUST ES DURING RAIN DUE TO KINETIC ENERGY CF RAINOPCPS. 
1 IF(CCP.EQ .0. ) RETURN 
ES=ES+C*(916.+33l.*ALCG1C(CCP/DT))*OCP*K 
IF(TVCL.GT,VCL) K=1 
RETURN 
FND 
SUBRCUTINE REDISTt IC,PERCO,SPERCO,CT,G INT ) 
COMMCN/ABLOCK/ESCILM(365,20),SAT(2C),SM(20),SNM(2C),CCNDT(20),SMS( 
$20),SMM2(20),C0NDT2(20),TtNS(20),TNS<20)«J,NTS»NS,DL.NT,NTS£,NK,NK 
$2 ,WP(20),SMET(16),PAD(6),ETRATE(16.6),SV1Ï9),ACPEVP(9),FC(2C),XSN 
$ ( 2 0 )  
DIMENSION QA(20) ,TENZ(2C ) .CCND(20) 
F1=1CC00./DL 
F2 = DL*2.54/2 . 
F 3  =  £ C  , / D L  
F 4 = F Z * 2 .  
F 5  =  C L / 1 0 0  .  
CA(IC)=0. 
AEC=.9 
C  
DO 4 I=IC,NS 
CSWP=ESAILM(J,I)*F1/SAT(I) 
IF( I .GT .NTS) GO TO 30 
1OC TENZ(I)=GINT(SV,TENS.NT.CSMP.ICO) 
GC TC 4 
I C  T E N Z ( I ) = G I N T ( S P S , T N S , N T S S . C S M F , 3 0 )  
XW=AEC*SAT(I)*F5 
IF(X£M( I ) .GT.XW)TENZ(I ) = -F2 
N0LCV>=I-1 
IFTNELOW.EQ.O) GC TC 4 
CO 7 KK=1,NBLOW 
7 IF(XSM{ I ) .GT.XW.ANC.XSM( I-KK) .GT.XK) TENZ( I ) =-F2»(KK + 1) 
4 CONTINUE G 
C W 
NB=NE-I 
CO 5 I=IC,NB 
AVGSM=(ESOILM(J. I )+ESOILMC J , I •I) )•F3 
GRAC=(TENZ(I+1)-TENZ<I)+F4)/F4 
IF( I .GT .NTS) GO TO 6 
1 01 COND(I)=GRAD*DT*EXP(G INT(SMN.CCNOT.NK, AV GSM. 101)-100.)/2.54 
GO TC 5 
6 COND{I)=GRAD*DT*EXP(GINT(SMN2,CCNDT2.NK2 .AVGSM•6 ) -100 )/2 .54 
5 IF(CCND( I ).GE.XSM( I) ) C0ND(I)=.5*XSW(I) 
C 
DO 1 1=10,N8 
XSM( I ) = XSM( I )-COND(I )+GA(I) 
QA(I + 1)=COND(I ) 
E S O I L M t J , I ) = x s y {  I  )
XW=AEC*SAT(I)*F5 
IF(ESOILM(J. I) .GE .XW ) ESOILV(J.I)=XW 
1 CONTINUE 
PERCC=PEPCO+CQNO(I-l) 
SPEfiCC=SPERCC+PERCC 
RETURN 
END 
SuaRCUTINE SLGSS(TSLFP.PROSL «SL«S.CELTG.CT,DELTP,C5TCRy,TSF,>N/»X t C 
tGDS,X SS« DCBR) 
C*** * # * * * * * * * * * * ** * ** * * ** * * * ** * * * * 4 4* 
C* 
C* T H I S  SUBROUTINE USES THE CERIVEC ECUATICK OF PART 3 TC FRECICT 
C *  SOIL LCS3 PATE AND TOTAL SOIL LOSS FCF PERIOD EEING MODELED. 
C* IF THE DECAY CONSTANT SETWEEN RAINS, CEER. IS SET = C. AND THE 
C* DECAY CONSTANT DURING RAIN. DCDR, IS SET = C.t THE STEADY STATE 
C* SOIL EPOOIBILITY FACTOR IS USED TO CCMPUTF SOIL LCSS. V»»-EN THE 
C* DECAY CONSTANTS ARE NOT SET ECUAL TO 0., THE SOIL E R C O i e i L I T Y  
C* =ACTOR IS ASSUMED TO FOLLOW AN EXPONENTIAL DECAY FUNCTION CF 
C* TOTAL RUNOFF. 
C* 
C*** *** ««« ** * ** * ** * *** 
DATA X/7./ 
Y=ATAN{S) 
DINT=DELTP*2.54/DT 
IF(DCBR.EG.C.0.AND .DCDR.EQ . C .C ) GO TC 2 
C* 
C* THIS SECTION 
C* ESTIMATE THE 
IF(TSR.GT .0 . 
X=(XC-XSS)*5 
GO TC 1 
2 X=XS£ 
C* 
C* THIS SECTION USES THE EQUATION DERIVED IN PART 3 TO PREDICT SCIL LCSS 
C* RATE AND TOTAL SOIL LCSS FOR PERIOD BEING MODELED. 
1 PROSL=X*(DELTQ*2.54/OT)**1.503*DINT**0.0 32*SL**0.503*(CCE(Y))**!.= 
$C3*(C.50*(SIN(Y))**1.249+(SIN(Y))**2.249) 
TSLFP=TSLFP+PROSL*DT 
RETURN 
END 
* * * ** * * * * * ** 
Is» O 
USES THE TOTAL RUNCFF CF THF STORM EEING MODELED TC 
SOIL ERODIBILITY FACTOR. 
) XC=XMAX-(XMAX-X)»EXP(-DCDR*TSR) 
XP(-DC0R*GST0RM*2.54)+XS£ 
FUNCTION PH(TSR,CELTP,CKF,DK,FHS,PHP) 
C*** *** *** *** *** •** **+ * ** *** ••• »•* 
C* 
C* THIS FUNCTION USES AN EXPONENTIAL CECAY RELATIONSHIP CF TCTAL 
C* 3AINFALL TO ESTIMATE PH OF SURFACE RUNCFF. IF THE DECAY CONSTANT 
C* OK IS SET = 0.. THE STEADY STATE PH IS USED. 
C* 
C*** * ** * * * * * * * * * * * * ** * *** * * * *•» ••• * ** 
DATA H»HI,HS,TCTALR/1.CE-7,7.SlE-4,I.CE-7.0.C/ 
IF(DK)1 » 2»1 
2 PH=PHS 
PETUFN 
1 IF(TSR.EQ.0.0) GO TO 3 
TCTALfi=0. 
HMAX=EXP(-2.30 26+PHM) 
HI=HVAX-(HMAX-h)*EXP(-CK*TSB) 
HS=EXP(-2.3026*PHS) 
3 T0TALR=TGTALR+DELTP*2.54 
H=(HI-HS > *EXP( -0KR*TQTALR*2.54)+HS 
PH=-ALCG10(H) 
FIETUPN 
END 
SUBROUTINE INTCPTCCLAI.DELTP,DPI NT.TF 1 NT,DDP. INC I . DT,DR I ) 
C*** * * * *** * * * * * * * * * ••• * ** * * * *** * * * * ** * 
C* * 
C* THIS SUBROUTINE CALCULATES INTERCEPTION ON THE PLANT SURFACES * 
C* ROUTES INTERCEPTION WATER TO THE SOIL SURFACE DURING PEFICCS » 
C* CF NO RAINFALL. * 
C* VOLUME OF WATER AS INPUT TO THE INFILTRATION SUBROUTINE VkILL EE * 
C* DDP PLUS DRI. • 
C* VOLUME OF WATER IN INTERCEPTION STORAGE AT ANY ONE TIME * 
C* AVAILABLE FOR DIRECT EVAPORATION IS TPINT. THIS IS THE VALUE* 
C* WHICH MUST BE PASSED ON TO THE ET SUBROUTINE. » 
C* * 
C*** *** *** *** *** *** *** *** *** *** *4* *** * 
C 
GO TO (5. 30).I NCI 
c *  FIRST ENTRY IS HERE. DIVIDES RAINFALL INTC DIRECT PRECIPITATION * 
C* TC THE LAND SURFACE (OOF) AND PRECIPITATION ONTO LEAF SURFACES * 
C* (DPINT). THE TOTAL ACCUMULATED DEPTH ON PLANT SURFACES (TPINT) AT* 
C* ANY TIWE IS NOT ALLOWED TO EXCEED A WAXIMUP VALUE (PIMAX) kHICH * 
C* IS DEPENDENT UPCN THE CROP LEAF AREA INDEX. * 
5 IFCCLAI.GT. I.OGCTQIO 
PCC=CLAI*33.33 
GO TC 11 
10 PCC=1C0.C 
11 CCP = DELTP*( 1 .0-0 .Ol»PCC) 
PIWAX=0.03*CLAI 
DOINT=DELTP-ODP 
TTPINT = TPINT + DPINT 
IF( (PIMAX-TTPINT) .GE,C.0)GCTCI 9 
DPINT = PIMAX-TPINT 
TPINT=PIMAX 
DDP=OELTP-DPINT 
GOTO2 0 
19 TPINT=TTPINT 
20 INC 1 = 2 
RETURN 
30 CONTINUE 
C* SECOND ENTRY BEGINS HERE. DRAINAGE TC THE GROUND FROP THE LEAF * 
C* SURFACE STORAGE (DPI) IS ALLCWED BY AN EXPONENTIAL DECAY FUNCTICN » 
C* DOWN TO A MINIMUM VALUE (PIMIN) WHICH IS A FUNCTION OF CRCP LEAF • 
C* AREA INDEX. * 
PIVIN=0.015*CLAI 
IF(TPINT.LE.PIMIN) G0T032 
DDR I = TP INT*( 1.0-EXPC-1 .0*DT ) ) 
IF((TPINT-DDRI ).GE .PI M IN)GCT0 31 
ORI=DRI+TPINT-PIMIN 
TPINT=PIMIN 
G0TC32 
31 TP INT = TPINT-DOR I 
CRI=CRI+DDRI 
32 INCI=1 
RETURN 
END 
C*** * * * * * * * ** * * * * * * * * * * ** * * * ** * * * * * 
SU0RCUTINE ET (TF INT.NP,PCATRN«NRTDStATRANS.EVAPTP,PET,AAET, 
1APET«AAEVAP.AATRAN,AAINT.CLAI.NPC.NC.GINT.GINT2.DT, 
2 SUMTRN»AINT,AET,VCLDPfi) 
c**+ * * * * * * ** * *** * * * ** * * * * « 
c* * 
C* THIS SUBROUTINE USES POTENTIAL EVAPORATION VALUES. » 
C* ATMOSPHERIC CONDITIONS. PLANT CONDITIONS. AND SOIL WO I STUPE * 
C* CONDITIONS TO CALCULATE ACTUAL SOIL EVAPORATION, INTfcRCEPTICN * 
C* EVAPORATION, AND TRANSPIRATION PROP EACH SOIL ZONE USING SAXTCN'S » 
C* METkCC. * 
C* * 
C# EVAPCF = DIRECT EVAPORATION FRCP WATER STORED IN SURFACE 
C* DEPRESSIONS (INCHES). 
C* * 
C*** *** •»* *** *** ** * *** *** *** *** * 
COMMCN/ABLOCK/ESO ILM (365,20 ) , SAT( 20 ) * SMC 20 ) , £(VM( 20) ,CCNDT{ 2C ),SMS( 
520),SMM2(20),CONOT2(20),TENS(20),TNS(2C),J,NTS.NS,DL,NT,NTSS,NK,NK g 
S 2 , VkP{ 20 ) .SMET (16) .PA0( 6  ) . ETRATE (16.6).SMI (9) .ACPEVP (9 ) ,FC(2C),XSW 
$(20) 
REAL NRTDS 
DIMENSION NRTOS(20),ATRANS(20) 
C* FIRST SUBTRACT EVAPORATION NEEDED TO DRY OFF PLANT SURFACES. * 
IF(PET.GT.TP INT)GOTO 1 
PETC=0.0 
TPINT=TPINT-PET 
G0T02 
1 FcTC=PET-TPINT 
TPINT=0.C 
C* NEXT DIVIDE ANY REMAINING ENERGY BETWEEN THE SOIL SURFACE ANC ThE • 
C* PLANT CANOPY. DIVISION BASED ON A FUNCTION BY J. RITCHIE. » 
C* EXPONENT ADJUSTED SLIGHTLY FROW RITCHIE'S EGUATION. * 
2 PEVAP=PETC*EXP(-0.39*CLAI) 
TRANSP=PETC-PEVAP 
C* SUBTRACT ENERGY TO EVAPORATE STANDING WATER ON THE SOIL SURFACE * 
C* PROM THE ENERGY REACHING THE GROUND. * 
IF(FEVAP.GT.VOLDPR)GCTC2 2 
E V A P C P = P E V A P  
V O L C P f <  =  V C L D P R - P E V A P  
F E V A P = 0 . C  
GCTC23 
22 EVAPCP=VOLOPR 
PEVAP=PEVAP-EVAPCF 
VCLCPR=C.C 
23 CONTINUE 
C* CALCULATE SOIL EVAPORATION FPCM THE TCP SCIL LAYER. THIS IS A * 
C *  FUNCTION OF AVAILABLE ENERGY ANC AVAILABLE SCIL VCISTURE. * 
CSMP = ESOILM{J» 1 ) *16.66 7 
21 AEVAF = GINT( SWl . A CPE VO , NP , CS H'P , 2 1 )*0.01*PEVAP 
UPEVAP=PEVAP-AEVAP 
IF(CLAI.LE.0.0)GCTC3 
IF(CLAI.GT.3.)G0TC4 
PCT = CLA1*33 .33 
G0TC5 
3 PCT=C.O 
GCTCE 
4 PCT=103.0 
C* ALLOW UPWARD RADIATION CF PART OF ANY EXCESS ENERGY ON THE SCIL TC* 
C* REACH THE CROP CANOPY. » 
5 UPEVAP=UPEVAP*PCT*0.01 
PTRANS=TRANSP+UPEVAP 
C* TOTAL POTENTIAL TRANSPIRATION (FPTKAN) = A FUNCTION OF THE * 
C* AVAILABLE ENERGY TC THE CANCFY AND THE PERCENT OF CANOPY ACTIVELY » 
C* TRANSPIRING (PCATRN) FRCM SUBROUTINE PLANT. * 
PPTRAN=PCATRN*PTRANS 
PAD1=PET*24./0T 
AINT=PET-PETC+EVAPCP 
AET = AEVAP+AI NT 
C* FOR EACH SOIL LAYER. DETERMINE THE POTENTIAL TRANSPIRATION RATE * 
C* BASED ON PRESENT SOIL MOISTURE USING FUNCTIONS AFTER SHAW'S WORK. * 
D06JJ=1.NS 
AVSM=(ES0ILM(J.JJ)*16.667-WP(JJ))/(PC(JJ)-WP(JJ)) 
62 IF(AVSM.GT.l.0)AVSM=1.0 
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V o u u U u U u u V u U O U u U 
THEN CALCULATE THE AVERAGE AN TEMPERATURE IK DEGREES F. (T) ANC * 
DEGREES R. <TR). NEXT CALCULATE THE SATURATION VAPOk PRESSURE AT * 
THIS AVERAGE TEMPERATURE (ES) ANC THE ACTUAL VAPCR PRESSURE (EC). * 
T=(TVAX+TMIN)*0.5 
TR=T+459.69 
B=ALCG(TR) 
88=54,6329 - 123C1.688/TR - 5.16925*8 
ES=6e.944*EXP(BB) 
EO=C .C1*RH*ES 
TK2 = ( (TMAX-32.0)/l .8 + 273.16)*C.01 
TK1=((TMIN-32.0)/l.8+273.16)*C.01 
CALCULATE MAXIMUM POTENTIAL BACK RADIATION USING A BRUNT ECLATICN.* 
RBO=(C.98-(0.6 6+0.044*SORT(EC)))*S.e5S*(TK2**4-TKl**4) 
REDUCE ANY INPUT SOLAR RADIATICN VALUES WHICH EXCEED THE * 
CALCULATED MAXIMUM. * 
IF(RS.GT.RSO) RS=PSC 
CALCULATE AN ESTIMATE OF ACTUAL BACK RADIATION FCR THE DAY (RE). * 
RB=(1 .35*RS/RSO-0 .35)*RB0 
CALCULATE ALBEDO USING A MODIFIED RITCHIE'S FUNCTION. * 
IF(CLAI.GT.4.0)GQT050 
ALBECC=0.23-0.0175*CLAI 
G0T0S2 
0 IF(TVlN.LT.32.0)GOTO51 
ALEECC=0.16 
GOTC52 
1 ALBECC=C.20 
CALCULATE ESTIMATED NET RADIATICN. » 
2 RN=( 1 .O-ALBEDO)*RS-RE 
TC=(T-32.0)/I.8 
DOG=.672+.0428*TC+1.13*10.**(-3.)•TC*TC+1.66*10.**(-5.)*TC*TC*TC+ 
A1.7*10.**(-7.)*TC**4. 
CALCULATE ESTIMATED SOIL HEAT FLUX. * 
G=S.0*(T-TPAST) 
CALCULATE ESTIMATED POTENTIAL EVAPORATION USING A PENMAN TYPE * 
EMPIRICAL EQUATION. * 
PER=(00G/(D0G+1.0)*(RN-G))*C.000673 
PEW=({1.0/(DOG+1.0))»15.3 6*(1.C+0.01*W)*(ES-ED))*0.000672 
PE=FER+PEW 
C* CALCULATE AN ESTIMATED DISTRIBUTION OF THE POTENTIAL ET FCR EACH * 
C* FOUR-HCUR PERIOD OF THE DAY. * 
PDX=FE/24. 
PET( 1 )=PDX*0.576 
PET(?)=PDX*1.152 
PET(3)=PDX*6.96 
PET(4)=PDX*9.528 
PET(5)=PDX*4,68 
PET(6)=PDX*1.104 
RETURN 
END 
C*** * * * ** * * ** *** *** ** * *** * * * *** * 4 * * ** * 
SUBRCUTINE PRECIP(KMOT.DAYT»YEAR,IBIG.NH,DELTP.IERR,TSTAfiT.TSTCP. 
1 RAIN) 
C*** »•* **• * ** *** ** * •»» * * * *•* *** #•* * 
C* * 
C* THIS SUBROUTINE TAKES HCUK AND TCTAL ACCUMULATED * 
C* PRECIPITATION DEPTH FROM A RECORDING RAINGAGE AND FIGURES STORM * 
C* RAINFALL DEPTH INCREMENTS FCR SMALLER UNIFORM INCREMENTS CF TIME * 
C* DURING THE DAY. THE FIRST FOUR COLUMNS ON EACH DATA CARD CONTAIN * 
C* AN IDENTIFYING SYMBOL NAME FCR THE PAINGAGE. THE NEXT THREE * 
C* COLUMNS CONTAIN THE MONTH NUMBER. THE NEXT THREE COLUMNS CONTAIN * 
C* THE DAY OF THE MONTH NUMBER. THE NEXT THREE COLUMNS CONTAIN THE * 
C* YEAR NUMBER SUCH AS 068 FOR 1968. THE NEXT FIVE COLUMNS CN THE » 
C* CARD CONTAIN THE CLOCK HOUR IN MILITARY TIME FORMAT FCR THE CATA » 
C* POINT. IF THIS VALUE IS 9900 THIS INDICATES THAT THIS IS THE * 
C* FIRST CARD FOR A NEW STORM EVENT. THE FOLLOWING FOUR CCLLMNS kILL* 
C* THEN GIVE THE TOTAL STORM RAINFALL FOR THIS STORM. SKIP FIVE » 
C* COLUMNS, THEN THE NEXT FOUR COLUMNS GIVE THE MAXIMUM FECORDEC * 
C* RAINFALL DEPTH VALUE FOR THIS GAGE AND THIS STORM. SKIP FIVE MORE* 
C* COLUMNS AND THE NEXT FOUR COLUMNS GIVE THE ZERO READING. kHEN * 
C* TOTAL STORM RAINFALL DOESN'T AGREE WITH THE MAXIMUM RECORDED • 
C» RAINFALL, THE ZERO READING WILL NOT EQUAL C.C. THE INFORMATION • 
C* ON THIS FIRST CARD IS USED TO CORRECT THE RAINFALL DEPTH DATA ON • 
C* THE REMAINING CARDS FOR THIS STORM. * 
C* ALL OF THE REMAINING CARDS FOR THE SAME STORM HAVE * 
c *  THE FOLLOWING ARRANGEMENT. THE FIRST THIRTEEN * 
C* COLUMNS CONTAIN THE SAME IDENTIFICATION AND DATE AS THE FIRST » 
C* CARD. THEN FOLLOW SEVEN - NINE COLUMN SETS OF DATA. THE FIRST * 
C* FIVE COLUMNS OF ANY SET CONTAIN THE MILITARY TIME FOR THE DATA * 
C* PCINT, THE FIRST THREE COLUMNS BEING THE HOUR AND THE NEXT TWC * 
C* BEING THE MINUTES. THE NEXT FCCiR COLUMNS OF THE SET CCNTAIN THE * 
C* RECORDED TOTAL STORM RAINFALL TC THAT PCINT WITH TWC SIGNIFICANT • 
C* FIGURES TO THE RIGHT OF THE DECIMAL FCINT. THESE POINTS ARE * 
C* CHOSEN TO REPRESENT POINTS OF SIGNIFICANT CHANGE IN RAINFALL * 
C* INTENSITY DURING THE STORM. IF ADDITIONAL CARDS APE REGUIREC TC » 
C* CONTAIN ALL THE POINTS NECESSARY TO DESCRIBE THIS STORM THE FCFMAT* 
C* WILL BE THE SAME AS THIS SECOND CARD STARTING WITH THE GAGE * 
C* IDENTIFICATION ANC DATE. IF THE DATA FCR A STCRM ENDS IN THE * 
C* MIDDLE Or A CARD THE REMAINING COLUMNS ARE LEFT BLANK. * 
C* » 
C* THE LAST CARD IN THE DATA DECK GF PRECIPITATION DATA MUST BE ELFNK* 
C* * 
C* * ** *** *** *** ** * *** *** *** *** *** * * * * 
INTEGER DAYI.DAYT 
DIMENSION A(7) ,B(7),C(7),OELTP(290).TIME {2Ç0 ) .SUMP( 290 ) .CLOCK(6). 
1THC(E) 
3 FORMAT!A4,13,13 .I 3,7CF3.C,F2.0,F4 . 2)> 
C* I BIG = 1 MEANS THIS IS THE FIRST TIME TC READ A DATA CARD FOR • 
C* THIS DAY. * 
IF(IEIG.NE.L)GOTC90 
THC(1 )=0 .0 
CLCCK(I)=C.O 
THC(8 )=0 .0 
CLCCK(8)=0.0 
SUMO = C .0 
C* NH = NUMBER OF DIVISIONS OF AN HOUR EEING USED. • 
90 IM=24*NH 
JCM= IM+I 
TNH=NH 
TIME(1)=0 .0 
SUMP(I )=THC< 8) 
DELTPCL)=0.0 
C* INITIALIZE VALUES IN THE PRCGRAV, * 
COSS1=2.JCM 
TI=I-1. 
TIME(I)=TI/TNH 
SUMP( I )=0 «0 
DELTF(I>=0.0 
95 CONTINUE 
TSTART = 0 .0 
TSTOP=0.0 
1 = 1  
C* I GREATER THAN IM MEANS WE HAVE REAChEC THE END OF THE DAY. * 
99 IF( I .GT.IM)GOT0400 
1 = 1  +  1  
C* I BIG = 1 OR 2 MEANS EXPECT A NEW DATA CARD. * 
C* I BIG = 3 MEANS WE HAVE ALREADY READ A NEW CARD WHICH HASN'T SEEN • 
C* PROCESSED. * 
C* I BIG = 4 MEANS WE HAVE CNLY PARTIALLY PfiOCESSEC THE LAST CATA CARD* 
GOTO(lC0,lC0,200,200),I8IG 
100 READ(5. 3)ID.KMO.DAYI,KYR,(A(N),e(N) .C(N) .N = l .7) M 
IF(KNO.NE.KMOT)G0TG101 ^ 
IF(DAYT.NE.DAYIIGCTOICI 
GOT0102 
101 IF( IBIG.NE.1 )GCTC140 
I8IG=3 
I 02 IF(AES(A(1)-99.0).LT.O.0001)GOTO 120 
IF( IE IG.EQ.3)GOT0 3 05 
GOTC2CO 
120 IF(ieiG.NE.3)GOTG150 
C* IF WE REACH 130 WE HAV= CHANGED BOTH DAY AND STORM SINCE LAST CARD* 
130 E=C(3) 
F=C{ 1 )/(C(2)-E) 
132 D0131JC=I.JCM 
SUMP{JC)=THC(8)+SUM0 
131 CONTINUE 
IBIC=2 
IF(KVO.EQ.O}IBIG=1 
CLOCK(1)=0.0 
ThC( 1 )=0 .0 
THC(ff )=0 . C 
SUWC=0.0 
GOTC600 
14C IF(AeS(A(l)-99.0).LT.0.0 001 )GCT013 0 
GOTCéSO 
C* IF WE PEACH 150 WE HAVE CHANGED STCRV BUT NOT CAY SINCE LAST CAAC.* 
150 E=C(3) 
F = C{ 1 )/<C(2)-E) 
SUMP{I)=THC{3)+SUMC 
SUM0=THC(8) 
THC( 1 ) = 0.0 
CLCCK(1)=CLOCK(a) 
IF(lEIG.EQ.l)GOT0 100 
I3IG=? 
G0TCS9 
C* REACHING 200 MEANS THE NEW CARD IS FCR THE SAVE DAY ANC STCFP. * 
2:0 DC29CN=1.7 
CLCCK(N+1)=A(N)+8(N)/6C. 
IF(CLCCK(N+1).EO.O.O)C(N)=E 
THC(N+1)=(C(N)-E)*F 
290 CONTINUE 
300 C03C2JC=2,8 
IF(CLOCK(JC).LT.0.301)GOTC301 
IF(T IME( I ).GT.CLOCK(JC))GCTC3C2 
IF(TIME(I).EQ.CLCCK(JC))GDTC312 
DX=CLaCK(JC)-CLOCK(JC-1) 
OY = T»-C( JC )-THC ( JC-1 ) 
SUMP(I)=THC(JC)-CY/DX*(CLOCK(JC)-TIME( I) ) +SUM0 
313 IBIG=4 
GGTCÇ9 
312 SUMP(I)=THC(JC>+SUMO 
G0T0313 
301 I0IG=l 
CL0CK(8)=CL0CK(JC-1) 
THC( e)=THC(JC-1 ) 
GOTC 1 CO 
3C2 CONTINUE 
CLCCKt1)=CL0CK(8) 
THC( 1 ) = THC(8) 
IB IG = 2 
GOTC 100 
C* IF WE REACH 305 WE HAVE CHANGEC THE CAY BUT NOT THF STCRV. * 
3C5 CONTINUE 
IF( I .EQ.JCM)G0T03l 1 
IF(KPC.EQ.0)GOTO132 
CL=A(1)+B(1)/60.+24. 
THC1 = (C( 1 )-E)*F 
OX=CL-CLOCK(8) 
DY=ThCl-THC(8) 
0031 CJC=I . JCM 
SUMP(JC)=THC1-DY/DX*(CL-TIME(JC))+SU^C 
310 CONTINUE 
311 CONTINUE 
CLCCK(1)=0.0 
THC(1)=SUWP(JCM)-SUMO M 
GOTCeCO 
400 CONTINUE 
IF(CLOCK(8).EG.0.G)GOTO4 5C 
GCTC599 
450 CLOCK(8)=24,0 
THC(e > = SUMP( JCM)-SUMO 
599 18 10=1 
GOTO 100 
C *  WHEN %E REACH 600 WE HAVE CCME TC THE END CP A DAY ANC APE READY * 
C* TC COMPUTE OELTP VALUES AND AETLAN TC THE MAIN PRCGRAM. * 
600 CONTINUE 
D061CI = 1 . IM 
DELTP(I) = SUMP{ I + l)-SUMP( I ) 
6 10 CONTINUE 
SUMC=C.0 
GOTceeo 
C* IF WE REACH 650 WE HAVE ENCOUNTERED AN UNEXPECTED DATE CHANGE CN * 
C* NEW CARD. * 
65C IF(KVC.EQ.0)GOTOerC 
WPITE(6,6 60)KMCT,CAYT,YEAR.KVC,CAVI.KYfi 
640 FOPVAT(//'****EPPCR***+ERRCP**DATE CHANGE CN INPUT PRECIPITATION 
JCAPC.'/' WORKING CATE ttAS ',12,'/',12,'/',A4,* AND INPUT CARD GATE 
? WAS ',13,'/',13,'/',13/) 
IEPG=1 
RETURN 
C* IF WE REACH 670 WE HAVE ENCCUNTERtD A BLANK CARD AT ENC CF CATA * 
C* oecK. * 
670 IBIG=1 
GOTC l?2 
680 0066 1JC=1 , I M 
IF(OELTP(JC).LE.0.0)GOTO681 
TSTART=TIMt( JC ) 
G0TC682 
661 CONTINUE 
682 CONTINUE 
D0ee2JC=l , IM 
JCC=JCV-JC 
IF(CELTP( JCC ).LE.0 .0)GCTC6e3 
TSTCP = TIME( JCC + 1 ) 
GOTC7CO 
683 CONTINUE 
700 CONTINUE 
RA I N = 0 . 0 
DC7C I JI = 1 ,JCM 
RAIN=RAIN + OELTF(J I ) 
7C1 CONTINUE 
WRI TE(6,I 3)RAIN 
13 FORMAT*11X,•TOTAL RAINFALL TCCAY = ',F8.2,* INCHES') 
WRITE(6.9)TSTART#TSTCP 
9 FORMAT*lOX,'RAINFALL STARTEC AT',F6.2 ,'HOURS ANC ENDMD AT', 
1F6.2 ,'HOURS') 
RETURN 
END 
C*** * * * * * * * ** * * * * * * ** * *** *** ** * * * * 4 ** * 
FUNCTION GINT(X,Y,N,Z,NS) 
c *  *  
c *  THIS FUNCTION DOES STRAIGHT-LINE INTEPPOLATICN IN A TABLE CF * 
C* VALUES OF THE X-Y COORDINATES CF KEY PCINTS OF A SINGLE CURVE. * 
C* N IS THE NUMBER CF POINTS USED TO DESCRIBE THE CURVE. AND Z IS THE* 
C* GIVEN VALUE OF X. FOR WHICH THE FUNCTION DETERMINES A * 
C* CORRESPONDING VALUE CF Y = G INT. * 
C* NS = STATEMENT NUMBER BEING EXECUTED IN CALLING PROGRAM. * 
C* * 
C*** * * * * * * *»* * * * * * * * ** * * * *** **• * * 
DIMENSION X(N).Y(N) 
DDIOC 1=1 .N 
IF(2 .LT.XCl ))GOTO 160 
IF(Z.GT.X(I ) )GCT0101 
IF(Z .EQ.X(I ) )GOTO102 
DX=X(I)-X(I-1) 
DY=Y( I)-Y(I-1) 
IF(CY.EQ.O.C)GOTC102 
GINT=Y(I)-DY/DX*(X(I)-Z) 
GC TC 200 
1 C2 CINT=Y( I ) 
GOTC2CC 
ICI IF(I.GE.N)GOT0150 
1 CO CONTINUE 
150 *RITE(6.I 0)Z.X(N),NS 
10 FORMAT!3X.•INPUT Z = ',G14.6,* MAXIMUM X = *,G14.6,* IN FUNCTION G 
1 INT USING STATEMENT ',15) 
GOTC190 
160 WRITE(6,2C)Z«X(1),NS 
30 F0RMfT(3X,*INPUT Z = ',G14.6,*,MINIMUM X = ",G14.6,' IN FUNCTION G 
1 INT USING STATEMENT *,I5) 
190 STOP 
200 RETURN 
END 
C*** *** *** *** *** *** *** *** *** *** *** * ** * 
FUNCTION GINT2 (X,Y,Z,U.V,M,N) 
C* * 
C* THIS FUNCTION DOES A TWC-AAY STRAIGHT LINE INTERPCLATICN CN A* 
c* FAMILY OF CURVES WHERE V = A FUNCTION OF X ANC Z SUCH THAT 2 * 
C* DESIGNATES A PARTICULAR CURVE FOR KHICH X-V CCCRDINATES ARE GIVEN.* 
C* U = VALUE OF Z GIVEN FOR THE INTERPCLATICN . * 
C* V = VALUE OF X GIVEN PGR INTERPCLAT ICN. • 
C* WANT TO DETERMINE THE VALUE CF Y CORRESPONDING TC 2 = Li ANC > = V .* 
C* N = NUMBER OF CURVES IN THE FAMILY. » 
C* V = NUMBER CF POINTS PER CURVE. * 
C* 3H0ULC INCLUDE ONE CURVE FOR 2 = 0.0 ANC ONE FCR Z LARGE ENOUGH TO* 
C* CCVEfi ALL POSSIBLE REASONABLE VALUES CF Z. * 
DIMENSION X(M),Y(M,N)•Z(N) 
CC1CCI=1.N 
IF(U.GT.Z(I))GCTC100 
D09CJ=1»M 
IF(V .GT.X(J) )GCT090 
DX=X( J)-X{J-1) 
DY=Y(J,I)-Y(J-1,1) 
YT=Y(J.I)-OY/DX*(X(J)-V) 
DY=Y(JtI-l)-Y(J-1.I-l) 
YB=Y(J,1-1)-OY/DX *(X(J)-V) 
DZ=Z<I)-Z(I-l) 
DY=YT-Y8 
GINT2=YT-DY/DZ*(Z(I)-U) 
GOTC200 
90 CONTINUE 
100 CONTINUE 
200 CONTINUE 
RETURN 
END 
C*** *** *** * ** ** * *** ** * *** * * * *** * ** **» » 
SUBRCUTINE PLANT(JJ,NRTDS,PCATRN.CLA I , GINT ) 
C* * 
C* THIS SUBROUTINE IS A SIMPLE APPROACH TC A PLANT GROWTH MCCEL FCF * 
C* CORN TO USE IN THE WATERSHED MODEL. CARL F. ANDERSON - 5/28/75 * 
C* *•» **» *** *** * ** *** *** *** *** »»• *•* * 
C* * 
C* THIS SUBROUTINE CALCULATES THE CROP LEAF AREA INDEX, ROOT SYSTEM * 
C* OEVELCPMENT AND PERCENT OF CANOPY ACTIVELY TRANSPIRING AS SIMPLE * 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
FUNCTIONS OF THE TIME GF YEAR. LATES VERSIONS HCPE TC EXPAND * 
THESE TO MAKE THEM ALSO BE FUNCTIONS OF AVAILABLE SOLAR RADIATICN,» 
AIR TEMPERATURE, SOIL TEMPERATURE, ANC SOIL MCISTUPE CONTENT, * 
* 
*  * *  • • •  * * *  * » *  *  * *  • • •  * * *  *  *  *  *  
REAL NRTDS(14) 
DIMENSION ROOTS(14,10), IRT(IC) 
DIMENSION ALAI (10 ) ,OLAI(10 ) 
DIMENSION TJ(12),PCT(12) 
* ** *** *** *** *** *** *** *** *** *** * * * 
IRT = DAY OF THE 
AFFECT. 
ROOTS = PERCENT OF 
LAYER AT A 
YEAR WHEN A RCCT SYSTEM DISTRIBUTION FIRST TAKES 
TOTAL ROCT 
PARTICULAR 
VOLUME OCCUPYING A PARTICULAR SOIL 
PERIOD OF THE YEAR. 
* ** * * * * ** * ** ** * 
DATA IRT/1,130,156,165,178 
DATA ROOTS/1 4*0,,100.,13*0 
A35.,25.,2C.,10.,1C.,9*C.,3 
98.,7.,2*5,,7*0.,35.,25.,1C 
C5*0. ,30.,25. ,8.,7. ,6*5.,4* 
ALAI = ASSUMED 
OLAI = TIME OF 
THIS ARRAY IS 
DATA DLAI/1.. 
DATA ALAI/0.0 
TJ = THE 
PCT = THE 
DATA TJ/0.0,1 
A365 ./ 
DATA PCT/0.,0 
LEAF AREA AT 
YEAR IN DAYS 
BEING USED IN 
133.,150.,180 
,0.0*0.2,1.5, 
DAY OF THE YE 
INPUT DATA PO 
20.,121.,182. 
*** *•• *•• ••* *** * * * 
, 185,192, 1ÇÇ,206,213/ 
.,2*50.,12*0.,4C.,27.,20., 13., 1C*C.C, 
5.,25.,16.,10. •7.,5.,8*C.,35«,25.,15., 
.,8.,7.,3*S.,6*C.,35.,25.,8.,7.,5*5., 
0 .0/ 
* 
VARIOUS TIMES OF THE YEAR. * 
THAT ALAI OCCURS. * 
A FIRST SIMPLE PLANT GROWTH StBPCLTINE* 
.,2 10.,230.,25C..280.,320.,365./ 
4.5,5.0,5.0,4.6,0.0,0.0/ 
Afi INPUT FOR THE CURVE CF PCATRN. * 
INTS FOP PCATRN. * 
,192.,204.,212.,222.,242.,273.,3CS., 
M H* VO 
1 . , 1 . , 1 1 1 >0.87,0.61,C.2,0.,0./ 
C01CJ=1,9 
IF(JJ.GT.IRT(J))GCT0 10 
0 0 9 1  =  1  «  I  4  
NRTDS(I )=ROOTS( I » J-1 ) 
9 CONTINUEE 
GOTC 1 2 
10 CONTINUE 
1 1  D O l  2  1 = 1  • 1 4  
12 NPTDS(I)=ROOTS(I,1C) 
13 CONTINUE 
DJ = J J 
3 1  P C A T R N = G I N T ( T J  , P C T  , 1 C » C J . 3 1  )  
12 C L A I = G I N T ( O L A I  . A L A  I  ,  1 0 t O J . 3 2 )  
KETUPN 
END 
S U B R C U T I N E  P L A N T ? ( J J , N R T O S t P C A T R N . C L A I « G I N T )  
C* THIS SUBROUTINE IS A SIMPLE WCOEL OF PLANT GRCWTh FOR PEACCk. * 
C* CARL E. ANCERSCN JUNE 4, 1975 * 
REAL NRTDS( 14) , ALA I ( 12 ) .DLA I (12 > t TJ( 1 C ) ,PCT< IC) 
DIMENSION ROOTSC14,10), IRT{1C) 
C* IRT = DAY OF THE YEAR WHEN A ROOT SYSTEM DISTRIbLTIGN FIRST TAKES* {o 
C* AFFECT. * ° 
C* RQCTS = PERCENT CF TOTAL ROCT VCLUME CCCLPYING A PARTICULAR EC IL * 
C* LAYER AT A PARTICULAR PERIOD OF THE YEAR. * 
DATA IRT/2,9 1,121,152,167,1€2,1^6,213,30 5,365/ 
DATA ROOTS/14*0.C,10C.,13*C.C,5C.,5O.,12*C.O,4C.,3C.,2C.,lC., 
A1C*C.O,35.,3C.,2O.,1O.,3.,2.,0*C.C,2C.,16.,15.,14.,11.#1C.,7.,5., 
g2.,5*0.0,2?.,20.,16.,12.,e..7.,5.,4.,3.,2.,4*C.C,22.,2C.,16.,13., 
C3. ,7 .,5.,4.,3.,2.,4*O.C,^C.,50.,26*C.C/ 
DATA ALAI/2.0,2.C,3.0,O.C.7.0,7.0,7.C,e.4,6.4,4.0,2.C,2.C/ 
DATA CLAI/0.,91.,121.,lS2.,167.,ie2.,197.,213.,27 4.,3C5.,3 35., 
A  3 6 5 . /  
C* TJ = THE DAY CF THE YEAR INPUT FCR THE CURVE CF PCATPN. * 
C *  P C T  =  T H E  I N P U T  D A T A  P O I N T S  F O R  P C A T R N .  *  
DATA TJ/0.,91. ,121.,102. ,213.,244.,274,, ICS. ,335.,365./ 
DATA PCT/O.,O.,C.5,1.0,1.0,0.9,C.8,C.6,O.C,O.C/ 
DO 10J = 1,9 
IF(JJ.GT.IRT{J))GCTC1C 
0091=1,14 
NRTCS(I )=ROOTS( I . J-1 ) 
9 CONTINUE 
GCTC 1 3 
10 CONTINUE 
11 0012 1=1,14 
12 NRTDS< I ) =POOTS( I. 1C) 
13 CONTINUE 
DJ = J J 
31 PCATPN=GINT(TJ,PCT,1C,CJ,31) 
32 CLAI=GINT(DLAI,ALAI,12»DJ,3?> 
KETUPN 
ENC 
ro IX) 
222 
APPENDIX D; PRINT OUT OF SAMPLE OUTPUT 
FOR COMPUTER MODEL 
TRIAL AUN NO. ( ) - JAMES GREGORY - PUN DATE 
ICWA STATE COAL NINE - SHALE SURFACE - 1566 DATA 
INITIAL INPUT SOIL MOISTURE CATA 
SATLWATICN FIELC W ILTING INITIAL 
MOISTLRE CAPACITY PCI NT SC IL 
C IL CONTENT WCISTUPE 
<
 
m
 7)
 
PFPCFNT 
BY VCLLVE 
CONTENT 
1 50 . COO 25.00C 1 C.COC 1 .CCC 
2 50 .000 25.000 10.000 l.COO 
1 50.000 25.00C 10.000 1 .000 
4 50.COO 25.000 1 C.COC 1 .CCC 
5 45 . COO 22.50C s.ooc 1 .000 
6 45.CCC 2 2.50 0 Ç.COO 1 .COO 
7 45 .000 22.500 s.ooc l.OCC 
fl 45.COO 22.500 9.000 1 .000 
9 45.COO 22.50C s.ooc l.OCC 
10 45.000 22.500 9.000 1 .000 
1 1 45.CGC 22.500 9.000 1.000 
12 45.C0C 22.500 S.OOC 1 .CCO 
1 3 45.CGC 22.500 s.ooc 1 .coc 
14 45.000 22.500 s.ooc 1 .000 
15 45 . COO 22.500 S.OOC 1 .000 
SURFACE SOIL DATA 
SOIL 
MOISTURE 
PEACENT 
BY 
VOLUME 
SOIL 
MO I STUPE 
TENS ICN 
CM, HATËH 
(TENS) 
UNSATURATED 
HYDRAULIC 
CONDUCT IVITY 
CM./HR • 
(CONDT) 
0.03 1OOOOC c .00 0 . 1678E-1 1 
2 .50 896586 .10 0 •281lE-I 1 
5.00 793172 .50 c .4708E-1 1 
7.50 689758 .80 0 •7eeeE-1 1 
to .00 586345 .10 0 . 1321E-10 
12*53 482931 .50 0 .2214E-1 0 
15.00 379517 .60 0 .3708R-1 0 
17.50 2761C4 .10 0 .2472F-09 
20.03 1726SC .50 0 .1649E-08 
22 .50 69276 .81 0 .1C99E" G 7 
25.00 8494 .40 0 .7329E-07 
27 .52 2563 .12 0 .8855E-06 
30 .00 619 .10 0 . 1 070E-04 
32 .50 209 .72 0 .1293E-03 
35.00 66 .79 0 • 1562E-02 
37.50 32 .78 0 •3506E-02 
40.00 1 7 .48 0 •7872E-02 
42.50 1 C .<33 0 • 1767E-0 1 
45.00 7 • CO 0 .3968F-01 
47.50 3 .50 0 •890eE-0 1 
50 .OC C • GO 0 • 2000 
RATIC CF 
ACTUAL TC 
POTENTIAL 
SCIL EVAP. 
(ACFEVP) 
o.cc 
c.cc 
o.cc 
0 .CO 
0 .CO 
0  . 0 0  
C.CC 
C .00 
0 . 0 0  
2.23 
4.67 
7.CC 
2 1 . 0 0  
45 .00 
75 .00 
8 8  . 0 0  
1 CO.00 
ICC.CO 
ICO .00 
100.00  
1CC.CC 
SLidSClL DATA 
SOIL SOIL UNSATURATED RATIC cr 
MOISTURE MOISTURE HYDRAULIC ACTUAL TC 
PERCENT TENSICN CONDUCTIVITY POTENTIAL 
BY C M .  kATER CM./HP. SCIL EVAP. 
VOLUME <TENS) (CONDT » (ACPEVP) 
0.00 I OQOOCC .00 C .8401E-09 
2.50 921755.10 0 . 1 3 s e E-oe 
5 . 0 0  843510.50 0 .?3?6F-0a 
7.50 765266 .00 0.3871E- O e  
10.00 687021.30 0.644lE-Oe 
12.50 606776.60 0.1072E-07 
15.00 530532.00 0 .17SIE-07 
17.50 452287.30 0.3002E-07 
20.00 374042.70 0 .5032E-C7 
22 .50 295796.00 0.8433E-07 
25.00 217553.60 0 .3802E-06 
27.50 13S3Ce.90 0 .1714E-05 
30 .00 61064.34 0.7726E-05 
32.50 7704.17 0.3786E-04 
35.00 2 4 3 9 . 3 4  0 . 2  1C3E-C3 
37.50 64C.63 0.1 168E-02 
4 0 . 0 0  2:3.68 0.64856-02 
42 .50 34.69 0.360lE-01 
4 5 . 0 0  0 . 0 0  0  . 2 0 0 0  
CURVE DATA FCR CENVEAO ANC SHA* TYPE CURVES 
PAC 
0 •  c c o  c  .050 C.15C C.35C C . 55C 1 . 1 CO 
'FT ETRATE 
0.000 1  •  o c o  1  . 0 0 0  0.36C C.14C c  . C5C c  . c c c  
0 .050 t  .000 1  . 0 0 0  0  . 4 9 0  0. lec 0 .C9C c  . c c c  
3.100 1  . c c c  1  . 0 0 0  0 . 6 2 0  C.22C 0 . 1 2C 0  .000 
0.150 1 . o c c  1  . 0  0 0  c . 7 e c  C.2CC c  . lEC c  . c c c  
0.200 1 .000 1 . 0 0 0  0  • 8 9 C  0.2SC c  .24C c  . o c c  
0.250 1 .000 1  .  0 0 0  C . 9 3 C  0.52C c • 320 c  .000 
0.30C 1 . c c o  1  . 0 0 0  0 .96C 0.65C c  .4CC c  . c c c  
3.35C 1 .CCD 1 .000 0 . 9 7 0  0 . 7 6 0  0 .49C c  . o c c  
0.4 00 1  . c c o  1 . 0 0 0  c . 9 e c  c .  e 4 C  c .5EC c  . c c c  
0.453 1 .000 1 . 0 0 0  c . 9 8 5  0.910 c . t e c  0 . c c c  
0.5CC 1 .ccc 1 . 000 C .990 C.S4C 0 .730 c  .000 
0 .60C 1 .occ 1 .000 C.9QS c.sec c  . e s c  c  . 0 0 0  
0.700 1 . o c o  1 .000 1  . 0 0 0  0.985 0 .950 . c  . o o c  
0 .800 1 . o c o  1 .000 1  . 0 0 0  0.995 c . 9 e c  0  . 0 0 0  
o.asc 1 . o c o  1 .000 1 .OOC l.COC 0 .995 c  . o c c  
1.000 1 . c c o  1 .000 1  . 0 0 0  1 .OCC 1 .000 0 .000 
************************************************************** 
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PCTkCWOLOGICAL DATA FCR TOOAV 
PAXIMLM AIR TE*F. « Q0«0 DEC* f $ # Ml*. • 56.0 CEC. F. 
DAILY SCLAR RACIATION m 6*7.0 LAKGLfVS 
PAXIMU* CFL. hUPiniTV « dA.O PCT., MIK. QH.« 31.0 PCT. 
TOTAL OAILV *lhC TWAVCL « 1C1.2C MILES 
C*CP LEAF AREA INOC* ICLAll • 1.20 
PEPCCNT ACTIVE CANOPY (PCATKN# • 1.000 
ROCT SYSTEM DISTRIBUTION 
*0.0 27.c 20.0 IJ.O C.O C.C 0*0 
0.0 0.0 0.0 4.0 O.C 0.0 0.0 
0.0 
TOTAL PCTFKTtAL EVAPORATIOK TODAY (PE) m 0.338^0 IKCHES 
ACCUMULATED lAPET) « A.4521 INCHES 
INTCRCEPTICN EVAPORATION TODAY (ADINT# » 0.00000 INCHCS. 
ACCUMULATED lAAlNTI m O.A19S3F*Ot INCHCS 
ACTUAL SOIL EVfPORATICN TODAY (DAEVAP) « O.OOOO INCHES. 
ACCUMULATED SEASONAL SOIL CVAP.CAAEVAPI* 0.132eE*0l IN. 
TOTAL TRANSPIRATION TODAY CSUMTflN) • 0.786&2t~0l INCHES 
ACCUMULATED CAATRAhl a I.AA^C INCHES 
TOTAL EVAPCTRAtSPIRATION TODAY (ADETI • 0.70662e-01 INCHES 
ACCUMULATED fAAETI # I.AfyN INCHES 
INFILTRATION TCDAY (DDELTF# « C.OOOCO INCHES 
ACCUMULATED ISCCLTFI m 0.75141 INCHES 
DEPTH OF WATER ON PLANT SURFACES 
AT THE ENO OF THE DAY « C.00000 INCHES 
DfPTH OF WATER IN SURFACE CEPRESSIONS AT 
THE END OF THE OAY • 0.00000 INCHES 
DEEP PERCOLATICN TODAY COPERCni « C.CCCC INCHES 
ACCUMULATED FOR THC SEASON (SPERCOI « 0.0001 INCHES 
RUNOFF TODAY « O.OOO IN., SFASCN TOTAL* 0.066 IN. 
SOIL MOISTURE 
IN EACH ROOT 
fONE AT TMC 
END OF OAY 
ftNCHESI 
CHANGE OF 
SOIL MOISTURE 
IN EACH ZCNE 
I INCHES) 
DAILY 
TRANSPIRATION 
FROM EACH 
SOIL ZCNE 
(INCHES) 
1 0.850 -0.03603 0.C3603 
2 0.465 -0.01178 0.01176 
3 o.msf -0.01773 0.01772 
4 0.401 -0,01316 0.013IS 
S 1 .000 0.00000 '  0.00000 
6 1.000 0 «00000 C.00000 
7 1 ,000 0.00000 o.coooo 
a 1.000 o.ocooo c.cocoo 
9 1.000 0.00000 e.00000 
10 1.000 o.coooo 0.00000 
11 1.000 o.cocoo c.oocoo 
12 1,300 0.00009 c.ooceo 
19 1.000 0.00000 o.coooo 
14 ' l.OCO 0.00000 0.00000 
lb 1.300 0.000^0 0.00000 
*#####*##*####$#$#**######$*»#*####$$*##**#####*##$*#*###$**## 
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MfTHUdOLUSICfL OATA FCW TilHAy i»A*iMuv Tfwr. s H«,«o mrc. F .$ mik« « ts.e ccc. F # 
OAIIV SCLAW OACIATION s 4??.C LANGLtVS 
*AK:*U* CTL, KU*iniTV = 06,0 PCT., *|N. OH.« 3S.0 PCI* 
;OT*L UAILf #|KC T )AV^L = 7/.00 M|tfS 
cwcp I Ear AWE* iNorx (CIAI) ? i.z* 
PhfcCtNT ACriVF CASGOV O»CAT0K» s I.CCC 
HOCT SYSTtM CI51(MUUTtUN 
*0.0 ??.C /0,0 Ij.o c.c c.c 
0*0 0.0 C*0 0*0 C#G c*c 0.'^ 
TOTAL n^lNTALL TC»*Ar = |.6fS iNCHtS 
O.C 
C.C 
MAIKFALL ST*nT&C AT 
|ME SINCr  kohOf»  rcn  
PUkOFF 
«TARTEO 
(MR) 
I.OOMOUkS AKC thCEC AT ZA.OChUURS 
STCMM 
( IK) 
PkLLCNT 
»Aîr nr 
3CIL irst CT/HA KP) 
SOIL LCSS 
rCTAL FCP 
^imulatick 
IT/HA) 
C.CT 
C* t 3 
C.2J 
0.33 
C. A3 
C*«.3 
C.63 
C. 73 
0.07 
0.03 
C. 13 
C.I? 
C.34 C.b, 
C.AA 
C.7I 
C.71 
C.7? 
C.72 
C.72 
C.7A 
C.M2 
0*5? 1 *4t 
0.65 
0.35 
0.10 
0 * 0 1  
0 . 0 0  
0*0 7 
0 * 0 0  
0*lA 
0.2b 
0.07 
0.23 
0*29 
0*33 
0*24 
0.3* 
C.3* 
0.3* 
0*3* 
0.7* 
0*37 
2.73 
2*S? 
3*03 
3*12 
3*16 
3.IB 
3.19 
3.21 
2 .22  
2.25 
2.32 
TOTAL PCTCNTIAL hVAPOKATION TOOAt (PF) x 0.22*S7 IKCHES 
ACCU*ULATCO («PET) « 6.A77I IKCHCS 
iNTbnCEPTtCN FVAPORATICN TCOAV (AOINT) > 0.5I070E-01 INCHES. 
ACCUMULATED (4AINT) = 0.RJ02Ji>-0l INCHFS 
ACTUAL SOIL EVfFCtATICN TODAY (CAEVAP) s 0.*655E-02 INCHES. 
ACCUMULATED SEASONAL SOIL kVAP.CAAFVAP1* Q.17<2E-0I IN# 
TOTAL TRANSPIRATION TODAY (SLMTRK) x C.tS7|3E-CI INCHES 
ACCUMULATED (AATHANI s 1.61*5 INCHES 
TOTAL EVAPOTRAKSPIRATION TODAY (ADETI » 0.1221* IKCHES 
ACCUMULATED (AAETI s 1.6228 INCHES 
INFILTRATION TODAY (DDELTF) s 0*73357 INCHES 
ACCUMULATED («OCLTFI s t.ABSC INCHES 
DEPTH OF wAfEG CN PLANT SURFACES 
AT the END OF THE DAY s 0*00000 INCHES 
DEPTH OF WATER IN SURFACE DEPRESSIONS AT 
THE END nr THE DAY » 0*00000 IKCHES 
OFEP PEGCILAflCN TODAY lOPERCO) « 0.0000 IKCHES 
ACCUMULATFD rc*: THC SEASON (SPEHCO) « 0*0001 INCHES 
RUNOFF rOOAY * 0.717 IK.. StASCN TOTAL* 0.623 IK. 
SOIL MOISTURF 
IN EACH WOHT 
ZONE AT TMt-
6K0 CF DAY (INCHES) 
CHANCt OF 
SOIL MOISTURE 
IN tACH ZOAE 
<INCHFS) 
DAILY 
TRANSPIRATlOK 
FROH EACH 
SOIL ZONE 
CINCHES) 
I 1 * S T t' 0.0*351 
2 0.479 -0.0C63* 0.00625 
3 C*H«5 -C.01125 C.C1I2* 
* 
-0.00*62 0.00*61 
5 I.OCO 0.00003 C.00000 
6 t *000 0.00000 0.00000 
7 I.OCO 0.00000 0*00000 
a ' 1 .000 o.ocooo C.COCOC 
9 1*000 o.ocooo 0*00000 
10 1 .000 o.ocooo C.COOOO 
11 1.000 c.coooo C.COCOC 
12 I.OCO 0.00000 0*00000 
13 I.OCO o.ocooo C.COCOC 
1* 1.000 0.00000 C.COOOO 
15 1.000 0.00000 c.roooo 
